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ABSTRACT 

This  rsport  dsseribss  asssursasats  sad  sxpsriasats  dirseted 
to  tbs  laproTsasat,  sspseislly  vith  rsgsrd  to  stability, 
of  tbs  RCA  7029  photOBUltiplisr.  dSTSlopmsat  of  iaprorsd 

stability  testia^  procsdurss  aad  tbs  affect  of  varyiag  tubs 
desiga  parsaatars  are  daseribad*  la  additions  to  stability, 
azoass  low  fraqusaey  noise  was  found  to  be  a  problea  in  the 
7029.  Oa  tbe  basis  of  these  aaasuraaants  a  new  tuba  type, 
designated  the  DCS  D  70038  has  bean  daralopad.  This  type  has 
iaprorsd  stability,  less  low  fraqusaey  noise,  and  an  anralopa 
of  iaprorsd  aaohanioal  design. 
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I.  INTRODUCTION 

The  general  objective  of  the  work  was  to  improve  the  electrical  and 
physical  characteristics  of  the  RCA-7029  photomviltipiier  tube. 

Originally  it  was  planned  that  most  of  the  work  ■  would  be  directed 
toward  the  investigation  and  improvement  of  the  stability  characteristics 
of  the  tube.  Althou^  the  7029  was  already  more  stable  than  most  other 
■  commercial  photomultipliers,  further  improvement  in  stability  was 
desired  to  enhance  its  \isefulness.  However,  during  the  course  of  the 
program  other  problems  arose  that  were  of  equal  importance  and  these 
were  also  investigated.  As  a  result  of  this  expanded  program,  the 
stability  problem  could  not  oe  investigated  as  thoroughly  as  was 
desired.  .  .. 

.  This  report  describes  the  design  of  special  experimental  tubes,  the 
•development  'of  measuring  equipnent  and  techniques,  and  presents  the 
stability  data  that  were  obtained.  Special  experimental  tubes  were 
'  used  to  Investigate  the  various  secondary  emitting  surfaces,  the  effects 
of  various  processing  procedures,  and  the  dependence  of  stability  on 
operating  and  ambient  conditions.  The  various  secondary  emitting 
surfaces  that  were  investigated  were  Cs3Sb,  MgO,  BeO,  and  K33b.  With 
the  exception  of  K3Sb,  all  of  these  surfaces  are  used  in  commercial 
photomultipliers.  K3Sb  was  investigated  because  it  was  plausible  that, 
due  to  its  lower  vapor  pressure,  this  material  might  be  more  stable 
than  Gs3Sb.  In  addition  to  the  standard  Cs3Sb  secondary  emitting 
surfaces  formed  on  nickel  oxide  substrates,  such  surfaces  formed  on  various 
other  substrates  were  also  investigated.  BeO  and  MgO  were  chosen  as 

Manuscript  released  by  the  author  May  i960  for  publication  as  a 
WADB  Technical  Report. 
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subatrates  since  these  are  good  secondary  emitting  surfaces  themselves,  MnO 

was  used  since  this  material  used  as  a  substrate  improves  the  characteristics 

of  the  Cs3Sb  cathodes.  Finally  gold  was  used  to  obtain  a  relatively  inert 

metal  substrate.  Also,  Cs3Sb  secondary  emitter  surfaces  that  had  variations 

in  the  thickness  of  the  antimony  and  time  of  oxidization  of  the  nickel  bases 

were  investigated.  The  effects-  on  stability  of  aging,  baking  during  aging,  '*■ 

and  the  effects  of  cleaning  procedures  of  the  dynode  base  material  were 

investigated  in  the  experimental  tubes.  These  tubes  were  also  used  to 

perform  special  tests  on  Gs3Sb  surfaces  that  were  indirectly  related  to 

stability.  The  tests  were  made  to  obtain  knowledge  of,  the  nature  of  fatigue. 

Many  tests  were- made  in  an  attempt  to  accurately  determine  the  stability 
..characteristics  of  the  7029.  First  a  series  of  tests  were  made  to  determine 
whether  stability  characteristics  are  reproducible  or  whether  they  are 
random.  The  data  obtained' .from  these  tests  indicated  stability  characteristics 
are  reproducible.  Tests  were  also  made  to  determine  hew  the  characteristics 
•'are  affect.ed  by  high  temperature,  baking^  and  aging,  and  how  the  characteristics 
vary  with  different  voltages  and  currents.  However,  after  many  of  these  tests 
were  made.it  became  apparent. that,  sufficient  time  had  not  always  been  allowed 
for  the  tubes  to  recover  after  .they  had  been  operated  for  four  or  five  hours. 

Tests  were  then  specifically  made  to  determine  the  actual  recovery  time  of 

the  tubes.  A  number  of  7029 's  were  made  that  had  various  dynode  materials 

instead  of  the  standard  Cs3Sb  secondary  emitting  surfaces  on  nickel  oxide 

substrates,  BeO,  FfeO,  and  Cs3Sb  fonned  on  MgO  were  used.  These  tubes  were  » 

repeatedly -tested  for  stability.  Several  special  stability  tests  were 

made.  An  uncesiated  photomultiplier  with  MgO  secondary  emitter  surfaces 
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was  stability  tested  because  fatigue  is  often  attributed  to  the  migration 
of  cesium.  This  test  illustrated  that  cesium  migration  is  not  the  major 
cause  of  fatigue.  A  stability  test  was  made  on  a  7029  during  which  dynode 
currents  as  well  as  the  anode  current  were  measured.  This  was. done  to 
determine  the  fatigue  of  the  individual  dynodes. 

This  report  describes  the  investigation  of  the  problems  that  were  associated 
with  the  electrical  characteristics  but  not  directly  related  to  stability. 

To  perform  properly  in  its  principal  application,  the  output  noise  current  of 
a  7029  in  the  frequency  band  O.O6  to  10  C.P.S.  must  be  less  than  330  uuA 
(peak  to  peak)  at  an  anode  sensitivity  of  10  A/L.  It  was  first  assumed  that 
the  noise  was  a  function  of  the  gas  pressure  in  the  tube  but  this  assumption 
was  proved  to  be  erroneous.  The  possibilities  of  the  noise  being  caused  by 
ion  feedback,  light  feedback,  meta-stable  atoms,  thermionic  emission,  and 
excess  cesium  were  investigated.  It  was  finally  discovered  that  the  noise 
was  associated  with  the  cesium  content. 

At  the  start  of  the  program  difficulty  was  encountered  with  evaporating 
antimony  onto  the  cathode  area.  Frequently  the  value  of  light  transmission 
rose  after  or  even  during  operation  of  the  antimony  evaporation.  This  was 
eliminated  by  altering  the  processing  that  was  done  prior  to  the  evaporation. 

The  antimony  evaporator  beads  that  are  used  in  the  7029  consist  of  pure 
antimony.  However,  some  tubes  were  made  using  a  platinimi-antimony  alloy 
which  made  it  possible  to  outgas  the  tubes. at  higher  temperatures  and  eliminated 
particles  that  might  have  been  generated  by  the  pure  antimony  bead. 
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This  report  also  discusses  the  work  that  was  done  to  improve  the  physical 
construction  of  the  7029.  A  modified  7029  was  made  that  incorporated  metal 
flanges.  This  design  made  it  possible  to  greatly  reduce  the  severe  glass 
strain  that  was  usually  present  in  the  7029  and ,  sometimes  caused  the  bulbs 
to  break  after  the  tU'Oeswere  shipped  from  the  factory.  An  investigation 
was  made  to  determine  the  opiimum  alstance  between  the  cathode  and’  first 
dynode  for  best  collection  efficiency.  Rut  this  work  was  impeded  by’  poor 
alignment  of  tube  components.  A  mounting  jig  was  then  designed- to  Improve 
the  alignment  of  the  tube. 

This  report  further  describes  the  development  of  the  070038  which  was 
designed  as  a  replacanent  for  the  7029.  It  is’ very  similar  to  the  7029 
but  has  the  improvements  that  were  indicated  by  the  work  discussed  above. 

The  major  changes  are  the  tube  envelope  and, the  dynode  material.  The 
070038  is  nade  with  metal  flanges  and  MgO  secondary  emitting  surfaces  which 
are  mo-re  stable  than  the  Gs-ijOc  surfaces  that  were  used  in  the  7029. 
Oonsiderable  difficulty  was  encountered  in  making  these  tubes  because  of  .the 
problem  of  low  frequency  noise  but  this  was  overcome  by  suitable  processing. 

For  convenience  in  describing  the  work  done,  it  is  necessary  to  define 
explicitly  several  terms  which  are  frequently  loosely  used.  The  stability 
of  the  7029  is  defined  by  the  following  test: 

Four  Hour  Stability  Life  Performance 

This  test  is  perforraod  on  each  70^9.  Before  this  test  is  made,  the 
tube  is  kept  in  total  darkness  for  2h  hours.  Under  conditions  with 
supply  voltage  S  of  1000  volts,  tube  te^^»^ature  of  25°C,  the  light 


WADD  TR60-561: 


-  5  - 

flvDC  adjvisted  to  give  an  anode  cvirrent  of  10  microamperes  within  one 
minute  after  turning  on  light  source,  the  tube  is  operated  for  U  hours. 

At  the  end  of  this  period  the  anode  current  shall  not  increase  by 
more  than  1  microampere  nor  decrease  by  more  than  1.5  microamperes,' 

While  this  definition  appears  to  be  qui'te  explicit  it  was  fourd  that  it  was  . 
not  entirely ’’satis  factory.  The  anode  current  has  its  maxim\m  rate  of  change 
immediately  after  the  light  has  been  turned  on.  Consequently  any  variation  . 
in  the  time  at  •sdiich  the  anode  current  is  adjusted  to  10  uA  results  in  a 
dispersion  in  the  results  of  the  test.  To  avoid  this  problem  the  light  source 
was  adjusted  prior  to  the  beginning  of  the  dark  storage  period.  Ideally  the 
initial  current  should  have  been  read  vriien  the  light  was  turned  on.  However, 
the  time  constant  of  ■the  current  meastnring  meter  prevented  doing  this.  Hence 
the  current  was  read  15  seconds  after  exposing  the  tube  to  the  test  light. 

In  discussing  the  experimental  results,  it  is  frequently  simpler  to  speak  of 
the,  inverse  of  stability,  that  is,  fatigue.  This  term  has  frequently  been 
used  to  describe  the  change  in  the  output  current  of' photomultipliers  with 
constant,  input  signal.  We  Will  use  the  ■term  fatigue-  in  this’  general  sense. 
This  term,  however,  will  also  be  used  in  a  specific' sense.  The  "percentage 
fati^e"  of  a  tube  will  mean  one  h\indred  times  the  ratio  of- the  change  in 
anode  current  during  a  four  hour  stability  test  to  the  initial  anode  current. 
’Vhen  the  anode  current  increases  during  the  test,  the  fatigue  will  be  called 
positive;  when  the  current  decreases,  the  fatigue  will  be  called  negative. 
When  the  distinction  between  these  two  usages  is  obvious  from  the  context, 
the  woixi  "percentage"  will  be  omitted. 
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II.  STABILITY  OF  SECONDARY  EMISSION 
A.  Fatigue  Mechanisms 

Although  no  detailed  theoretical  analysis  of  the  basic  causes  . 

■  of  fat.igue  was  made,  a  brief  discussion  of  possible  mechanisms 

may  not  be  out  of  order.  In  view  of  the  very  unsatisfactory  state 

(1) 

of  the  basic  theories  of  secondary  emission,  even  this  can  be 
done  only  in  the  most  general  terms.  However,  hypotheses  as  to 
the  mechanism  of  fatigue  do  suggest  experiments  and  provide 
assistance  in  thinking  about  and  discussing  experimental  results. 

^'Hiile  there  are  numerous  references  in  the  literature  to  fatigue 
in  photomultipliers,-  most  of  the  data  that  has  been  acquired  pertains 
to  a  very  limited  number  of  tubes.  Usually  the  investigators 
measured  the  characteristics  of  commercial  tubes  and  had  little  or 
no  knowledge  of  the  detailed  structure  or  previous  history  of  their 
experimental  tubes.  Under  these  conditions  it  is  not  surprising  that 
a  conceptually  simple  hypothesis  has  generally  been  chosen  to 
account  for  fatigue. 

The  most  poI)ular  hypothesis  to  explain  fatigue  is  that  of  cesium 
migration.  This  model- has  been  discussed  by  Marshall,  Coltman  and 
Hunter^'^^and  by  Oathey^^^^  Basically  this  hypothesis  presupposes 
that  cesium  is  removed  from  the  dynodes  by  electron  bombardment. 

1.  K.  I.  McKay  -  "Secondary  Hlectron  Emission"  in  Advances  in  Electronics, 

Vol.  I,  Academic  Press,  New  York  ( 191x0) 

H,  Bruining  -  "Physics  &  Applications  of  Secondary  Electron  Emission", 
McGraw-Hill,  N.  Y.  (I951i) 

0.  Hackenburg  &  ¥.  Brauer  -  Fortschr.  Physik  1,  ii39  (199U) 

•  R.  Kollath  -  "Secondary  Electron  Emission  of  Solids  Induced  by  Electron 
Bombardment"  in  Encyclopedia  of  Physics,  Vol.  21,  p.232.  Springer, Berlin  (1956) 
A.  J.  Dekker  -  Solid  State  Physics,  Vol.  6,  Acadanic  Press,  N.  I.  (195^^) 

2.  Fitz-Hugh  Marshall  and  L,  P.  Hunter  -.'Phys.  Rev.  69,  1x3  (191x6) 

3.  L.  Cathey  -  I.R.E.  Trans,  on  Nuc,  Scl.  NS-5,  109  'n-958) 
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It  is  further  assumed  that  the  cesium  content  or 

coverage  of  the  dynode  surface  determines  the  secondary  emission 

ratio.  While  both  of  these  assumptions  are  basically 

reasonable,  there  is  no  evidence  that  this  meohanisra  is  the 

controlling  factor.  Also,  it  would  be  rather  surprising  if 

essentially  the  same  mechanism  accounted  for  fatigue  in  such 

diverse  materials  as  Cs3Sb,  Cs-AgMg,  Gs-GuBe,  and  MgO.  Since 

ih) 

the  woric  of  W.  G.  Shepherd  et  al,  on  pure  MgO  and  vacum 
cleaved  MgO  crystals  of  high  purity  definitely  demonstrates  the 
existence  of  fatigue  in  the  absence  of  cesium,  at  most  cesium 
migration  can  be  only  partially  responsible  for  the  fatigue 
observed  in  photomultipliers. 

If  the  removal  of  cesium  results  in  fatigue,  then,  if  fatigue  is 
measured  as  a  function  of  ambient  temperature,  the  observed 
variation  of  rate  of  fatigue  should  be  detemined  by  the 
activation  energy  of  the  rate  determining  chemical  process 
involved.  Cathey  gives  some  data  on  the  temperature  variation 
of  fatigue.  If  one  computes  an  activation  energy  from  his  data, 
one  obtains  the  very  low  value  of  0.07  e.v.  This  also  suggests 
that  the  fatigue  mechanism  is  more  involved  than  the  cesium 
migration  hypothesis  would  suggest, 

(5) 

Hillert  has  developed  detailed  empirical  equations  to 
describe  the  fatigis  process.  However,  it  is  doiJatful  if  these 

3.  L.  Cathey  -  I.R.E.  Trans,  on  Nuc.  Sci,  NS-$,  109  (1958) 

U.  W.  G.  Shepheird  -  "Study  of  Electrical  and  Physical  Characteristics  of 
Secondary  anitting  Surfaces,"  WADC  Tech.  Report,  57-760,  ASTIA,  DOC.  No. 
AD  155852,  (1958) 

5.  M.  Hillert  -  Brit.  Tour  App.  Phys.  2,  l61r  (1951) 
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equations  are  sxifficient  to  describe  all  forms  of  fatigue 
observed.  Furthermore,  these  equations  are  of  a  form  which 
could  arise  from  numerous  fundamental  processes.  For  example, 
absorption-desorption  processes,  electrolysis,,  diffusion,  etc. 
in  various  combinations  could  lead  to  equations  of  the  type  developed 

For  these  reasons  it  is  believed  to  be  advisable  to  consider  all 
possible  mechanisms  which  might  lead  to  fatigue  and  not  to  design’ 
experiments  exclusively  on  the  basis  of  existing  fatigue  models. 

Some  of  the  possible  effects  ^ich  must  be  considered  are: 

(l)  Changes  of  the  electron  affinity  of  the  dy node  surfaces  arising 
from  adsorbed  layers  of  cesium  or  other  materials,  development  of 
surfaces  states,  diffusion  or  electrolysis  of  defects  to  the 
surface,  etc.,  (2)  Internal  changes  in  the  dynodes  leading  to  ■ 
trapping  other  or  loss  of  internal  secondaries.  It  is  quite  likely 
that  the  internal  processes  may  be  the  more  important,  Iii  the 
case  of  metals  it  has  been  shown  that  a  change  of  work  function  by 
a  factor  of  2  leads  to  a  change  of  only  6o  per  cent  in  secondary 
emission. This  same  change  in  work  function  leads  to  a  change 
of  many  orders  of  magnitude  in  thermionic  emission.  Also,,  since 
the  secondary  emitting  layers  on  dynodes  are  very  thin  (^.1000 
angstroms),  very  small  changes  in  the  total  nunber  of  Impurities 
can  markedly  affect  the  intemal  electrical,  properties*  That 
this  is  the  case  may  be  readily  seen.  Since  the  layer  is  of  the 

6.  L,  S.  Nergaard  -  RCA  Rev,,  h6h  (1952),  has  discussed  diverse  physical 
models  leading  to  similar  equations.  •  See  also:  R.  M,  Matheson  and 
L,  S,  Nergaard,  Jour.  App,  Phys.,  23,  869  (1952)  and  R.  L,  Sproull,  Pb-ve. 
Rev.  67,  166  (I9a5) 


(6) 
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order  of  ^00  atomic  layers  thick,  the  total  number  of  atomic 
sites  per  cm^  is  approximately  5  x  10^^.  Hence  an  impurity 
concentration  of  0.1  per  cent  corresponds  to  5  x  10^^  atoms, 

•‘As. is  well  known,  impurity  concentrations  much  smaller  than  this' 
often. lead  to  enormous  changes  in  the  electrical  properties  of 
semicondtxitors.  It  is.  also  worth  noting  that  the  total  number 
of  atoms  required  may  be  relatively  small  compared  with  the 
nuiiber  in, a  monolayer  ;,  v  ■ 


B.  .■  'Singia-stage  Phot omultip.lier  Tube.  '  r- 
■  1*.  Descriptiont  ■  ' 

.  to  investigate  the  stability  of  various  secohda^.  emltter'y  - 
o  •'surfaces,' 'the,; effects-,  of.  various  processing  :procedures,-.'dnd: ■ 

'  .;  ■•  .  .the  dependence  of  stability 'on  operating  'arid  ■  ambient, 'conditionSf 


a.'special.  single-stage 'p^idtdmultiplier  tube  called  the  •'GTSSO’'-  .'' 
was  developed;  A  dlagranj  of  ■'thls'-'.tube  .is  shown 'in  Fig.  1. 

The  tube  actually,  contains  two  dynodes,  one  of  \diich  is  used 
as  a  control  dynode.  The  two  secondary  emitter  surfaces  lie 
in  the  same  plane.  One  dynode  is  located  directly  above  the 
other  and  separated  by  approximately  1/2  mm.  Thus,  one 
secondary  emitter  surface  can  be  compared  with  another  or 
the  effect  bn  stability  of  various  processing  procedures  of 
the  same  type  surface  can  be  compared.  The  other  electrical 
elements  are  a  photocathode  and  a  grid  anode.  The  cathode 
is  of  the  semi-cylindrical  type  commonly  used  in  diode 
phototubes. 
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Electrons  emitted  from  the  cathode  by  incident  light  energy 
pass  through  the  grid  and  stirike  the  dynodes.  Secondary 
•  electrons  are  produced  and  collected  by  the  grid  which  is 
the.  most  positive  element  in  the  tube.  By  repeated  tests, 

'it  was' found  that  the  number  of  primary  electrons  inter¬ 
cepted  by- the  prid  is  not  sufficient  to  cause  a  significant 
,  .error,  in  the  measurements  of  the  gain  of- the  tube  if  the 
:'  ;  ,  ;  potentia.i  between  the  cathode  and  the  grid  anode  is  1.5  times 
..iV.  that  bat^  cathode  and  the  dynode. 

•  3».;;  ^^aluation  of  Processing  PTOcedure; 

Befpre  any  stability  experiments  were  started,  tubes  were 
i^de  which  contained  different  amounts  of  cesium  to  determine 
.  hoW  much  should  be  used  to  obtain  reasonable  gains  and 
-cathode. sensitivities.  Also,  the  exhaust  procedure  was 
■'  ■  varied  considerably.  For  exanple,  some  tubes  were  baked,  i.e., 
maintained  at  a  high  temperature  in  an  oven  only  a  short  time 
.  while  being  pumped,  and  then  baked  for  several  hours  after 
^  they  were  taken  off  the  exhaust  system.  Others  were  baked 
several  hours  on  exhaust,  but  then  received  no  additional 
.  bake.  From  these  tests,  a  standard  procedure  was  established 
for  processing  the  C7290, 

U.  Evaluation  of  Dynode  Collection  Efficiency; 

Early  in  the  program,  several  tubes  were  made  with  a  dynode 
nearly  equal  in  length  to  the  cathode  but  not  as  wide  as  the 
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regular  dynodes.  Two  metal  strips,  one  placed  on  each 
side  of  the  dynode,  b\it  not  connected,  were  electrically 
connected  to  one  of  the  stem  leads.  With  such  an  arrangement, 
it  was  possible  to  estimate  the  collection  efficiency  of  the 
dynode.  It  was  concluded  that,  if  the  light  did  not  strike 
the  edge  or  near  the  edge  of  the  cathode,  the  number  of 
primary  electrons  that  would  pass  by  the  regular  size  dynodes 
was  negligible. 

5.  Accuracy  of  Gain  Measvireroentst 

To  obtain  useful  data,  it' was  necessary  to  measure  the  gains 
of  these  tubes  with  an  accuracy  better  than  one  per  cent.  The 
need  for  such  accuracy  can  readily  be  appreciated  when  we 
consider  that  if  the  gains  of  all  stages  of  a  photomultiplier 
are  equal,  the  total  gain  of  the  tube  is  equal  to  the  gain  of 
a  single-stage  raised  to  the  power  of  the  number  of  stages  in 
the  tube.  Therefore,  a  decrease  of  one  per  cent  in  gain  of 
each  stage  in  a  ten-stage  tube  will  produce  a  nine  and  one-half 
per  cent  change  in  the  gain  of  the  tube.  In  some  cases,  changes 
in  gain  of  less  than  one  per  cent  were  measured  during  five 
hours  continuous  operation.  In  general,  the  changes  in  gain 
during  such  a  test  were  very  much  larger.  This  was  due  to  the 
fact  that  in  these  C7290's  the  maximum  dynode  processing 
temperature  was  restricted  by  the  proximity  of  the  temperature 
sensitive  Cs^Sb  photocathode.  (As  will  be  seen  later,  this  is 
not  true  for  many  standard  photomultiplier  tubes.)  However, 
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this  does  not  seriously  affect  the  usefulness  of  the  tube  for 
making  comparison  tests, 

6.  Problems  Sncountered  with  the  Single-stage  Tube; 
a.  Leakagd  Currents: 

In  ihe  original  construction, of  the  tube,  two  of  the  stem 
leads  were  .tised  to  mount  the  cathode.  .  With  this  arrangement, 

'  the  leakage  path  between  one  of  the  cathode  supports  and' 
the  anode  support  was  less  than  two’  millimeters.  The  stem, 

.  which  is 'formed  of  lead  glass,  readily  absorbs  cesium  and 
■  its.  resistivi'ty  decreases,  !  To  increase  this  short ,  leakage 
'  •  ■  path,- the  cathod  es  were  mounted  on  only  one  stem  lead  and  a 

glass  bead;  was  added  at  the ^  top  of  the-  tube  to  support  the' 

■  .‘1’.' ’Vhile  a  similar  spacing  exists  betweai  the  cathode 
'  ■■jand .  anode  leads  in^ this  bead,,  the  glass  is  of.  a  kind,  which 
absorbs  little 'cesium., 

-  bi,  -^  Cathode  Non-uniforjnity: 

'  /it;; was  generally  found  that  the  sensitivity  of  the  cathode 

-  varied  from  top  to  bottom,.  Usually,  the  bottom  of  the 

cathod.e  had.- higher  s^sitivity  than  the  top.  An  attempt 

was  made  to  correct  this,  situation  by  adding  a  second 

cesium  generator  near  the  top -of  the  tube  (the  first  tubes 

had  only  one  generator).  It  appeared  that . slightly  better 

uniformity  was  achieved  with  this  change,  but  it  was 

ob”’iously  not  a  ccxnplete  solution  of  the  problem.  Since 

/ 

the  lower  portion  of  the  cathode  is  heated  more  strongly 
during  the' operation  of  sealing  the  stem  into  the  bulb, 
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this  process  was  modified.  Some  improvement  was  made  by- 
performing  the  sealing  operation  more  rapidly,  but  most  of 
the  cathodes  had  soma  non-uniformity, 
c.  Variation  in  Stability  Between  Top  and  Bottom  Dynode;  ' 

Some  tubes  were  made  in  which  both  dynodes-had  Cs3Sb  seconiary  . 
emitter  surface.  In  most,  of  these,  the  bottom  dynode  was 
Jnore  stable  -than- the . -top,  althou^  in  some,  it  was  just  the 
opposite.  ■  It  .'was  thought  that  perhaps  the  temperature 
.  differential- as  discussed  above  was  ' responsible  for  this.',  - 
■Also,  there  was  the  possibility  that  the.  hot  gases  from  the  . 
sealing  process  contaminated  the  top  dynode.  Therefore, 
tubes  were  made  with  a' small  tubulation  .at  the  top,  of  the-. 

■bulb  v^ich  allowed  these  gases  to  escape  during  scaling This, 
^uhulation  was  closed  after -the  sealing  process.  No  impro'vement  ■ 
was  observed  when  this  was  done, 

7.  Preliminary  Tests ; 

a.  Test  of  Method': 

Sarly  in  the  program,  a  tube  was  made-  with  Cs^^^Sb  dynodes.’  .One 
of  these  dynodes  was  oxidized  befoi*e  it  was  coated  with  antimony  ■ 
and-  the  other  was  left  unoxidized.  Fig.  2  shows  the  dyixide 
currents  as  a  function  of  time.  Current  readings  were  taken 
with  a  potentiometric  voltmeter  which  will  be  discussed  later. 

It  was  expected  that  -the  unoxidized  dynode  would  fatigue  more  than 
the  oxidized.  The  purpose  of  the  test  was  to  check  the  usefulness 
of  the-  tube  and  the  reliability  of  the  test  equipment. 
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Since  the  curves  fit  the  points  of  the  graph  quite  well, 
it  was  assumed  that  this  method  of  measurement  was  satisfactory. 
The  potential  between  cathode  and  dynode  for  this  test  was 
90  volts  and  the  potential  betwen  the  cathode  and  anode  was 
135  volts.  This  voltage  was  used  for  most  tests  since  the 
7029  is  normally  operated  at  90  volts  per  stage, 
b.  Reproducibility  of  Stability  Characteristics: 

Stability  data  of  a  tube  with  one  MgO  and  one  Cs^Sb  secondary 
emitter  surface  is  shown  in  Fig.  3.  The  results  cf  two  tests 
are  shown.  The  second  test  was  made  two  days  after  the  first. 
The  smooth  curves  were  drawn  to  best  fit  the  points  obtained 
from  the  first  test.  It  is  obvious  that  the  points  from  the 
second  test  fit  the  curves  quite  well.  The  data  was  taken 
with  an  ultrasensitive  microammeter.  If  the  potentiometric 
.  voltmeter  had  been  used,  the  points  would  undoubtedly  fit  the 

iC:!  , curves  even  better, 

■'  .’V  '  '  '  ■  . 

•'C,  ■  Teat  Equipment 

:  V  1.  Singlerstage  Photomultiplier  Test  Equipment: 

Fig.  h  shows  the  device  that  was  constructed  to  test  the 
stabilities  of  the  single-stage  photomultipliers.  Three  of 
these  units  were  used.  As  previously  mentioned,  it  was  necessary 
to  measure  changes  in  gain  of  less  than  one  per  cent.  Thus,  the 
stability  of  the  lamp  had  to  be  better  than  one  per  cent.  A 
■  light  sovirce  with  such  stability  will  be  described  later. 
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The  cathode  and  dynode  currents  were  obtained  by  measurirg  the  voltages 
acrdss  the  resistors  with  a  potentiometfic  DC  voltmeter  (Model  801, 

John  Fluke  Mfg,  Co,,  Inc.,  Seattle,  Washington),  These  resistors  are 
mounted  between  binding  posts  on  the  outside  of  the  light-tight  box,  A 
partition  with  a  shutter  mechanism  is  located  between  the  tube  and  the 
lamp.  With  this  partition,  the  lamp  may  be  connected  to  the  storage  bat¬ 
tery  and  allowed  to  stabilize  before  the  test  is  started.  (The  first  test 
unit  that  was  used  did  not  have  this  partition  and  was  not  satisfactory 
since  the  intensity  of  the  lamp  changed  during  the  first  few  minutes  of 
operation.)  By  adjusting  the  aperture  size  and  position  of  the  tube  with 
respect  to  the  aperture,  it  was  possible  to  keep  the  light  energy  off  the 
edges  of  the  cathode.  However,  the  light  intensity  was  not  great  enough  to 
obtain  high  primary  cun'ent  densities  in  the  tubes.  Therefore,  some  tests 
were  made  during  which  the  cathode  was  flooded  with  light  from  two  60-watt 
tungsten  lamps.  In  this  case,  no  resistors  were  used  -  the  currents  were 
measured  directly  with  a  microammeter.  The  light  intensity  could  be  changed 
by  changing  the  voltage  across  the  lamps  with  a  variac.  Thus,  to  insure  that 
the  primary' current  densities  were  the  same  each  time  that  "the  dynode  currents 
were  measured  during  a  stability  test,  it  was  only  necessary  to  adjust  the 
lamp  voltage  so  that  the  cathode  current  reading  was  the  same.  This  latter 
method  was  found  satisfactory  for  stability  tests  of  tubes  in  ^ich  the  t-wo 
secondary  emitter  surfaces  were  be  compared, 

7029  Test  Equipment 

I 

Figure  5  shows  the  schematic  drawing  of  the  test  rack  used  to  'check* the 
stability. of  the  7029  photomultiplier  tube.  This  equipment  was  originally 


designed  to  test  another  tube  type.  For  the  original 
use,  two  power  supplies  were  needed.  For  the  7029  test, 
special  socket  adapters  were  constructed  and  a  stable 
light  soiirce  was  provided.  The  light  soiree,  which  is 
identical  to.  the  one  used  in  the  single-stage  multiplier 
■test  set,  will  be  discussed  later.  Five  tubes  can  be 
tested  simultaneously  with  the  equipment.  Each  tube  is 
placed  in  a  separate  compartment  which  has  its  own  iris 
and  shutter  mechanism,  .The  compartments  are  arranged  so 
that  a  single  lamp  can  supply  light  energy  to  all  five  tubes. 
This  is  a  definite  advantage  since  only  the  stabilit.y  of  one 
lamp  needs  to  be  checked.  However,  filters  must  be  used  if 
all  five  tubes  are  to  operate  in  the  same  current  range  be¬ 
cause  of  the  large  variation  of  sensitivity  from  tube  to  tube. 

At  first,  Wratten  neutral  density  filters  were  used,  but  later 
Polaroid  filters  were  installed  which  could  quickly  be  adjusted 
to  obtain  the  desired  light  intensity  for  each  tube,  A  separate 
bleeder  was  provided  for  each. tube. 

Small  changes  in  the, output  supply  E2  were  detected  by  measuring 
the  voltage  drop  across  a  section  of  the  bleeder  with  the 
potentiometric voltmeter  previously  mentioned.  Small  changes 
in  output  voltage  of  the  supply  were  detected  by  measuring 
the  difference  between  the  voltage  drop  across  a  section  of 
the  bleeder  and  a  'bucking  voltage"  provided  by  batteries.  The 
meter  (Vj^)  that  was  used  for  this  measurement  is  a  Model  WV-98A, 
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RCA  Senior  Voltohruyat,  iXiring  the  program,  the  1$  megohm 
potentiometer  had  to  be  changed  several  times  because  it  became 
"noisy"  and  accurate  measurements  couM  not  be  made.  For  this 
reason,  the  use  of  the  bucking' voltage  was  discontinued  and 
the  potentiometric  voltmeter  was  also  used  to  measure  the  . 
changes  in  E]_.  By  n^ing  such  measurements, .  it  was  possible 
to  adjvist  the  outpvtt  voltages  of  the.  two  supplies  so  that  the 
overall  voltage  across  the  tubes  did  not  vary,  by  more  than  ±  o,5 
volts  when  the  current  readings  were  made, 

3.  Light  Sources 

To  detect  changes  in  gain  of  one  per  cent  or  less  in  the  single - 
.stage  photomultiplier,  it  is  necessary  that  the  light  intensity 
vary  by  less  than  one  per  cent.  Standard  lamps  were  first 
considered  as  a  possible  stable  light  source.  Hcvever,  it  is 
difficult  to  obtain  a  sufficiently  constant  current  to  operate 
such  a. lamp.  Moreover,  the  intensity  would  have  to  be  greatly 
decreased  by  filters  or  spherical"  mirrors  and  this  wou]d  increase 
the  complexity  of  the  equipment.  It  was,  therefore,  decided  that 
a  two  volt  lamp  operated  from  a  storage  battery  would  be  tried. 

The  stability  of  such  a  lamp  is  extremely  difficult  to  measure. 
Changes  in  intensity  were  detected  by  using  a  diode  phototube. 

.  Since  it  was  impossible  to  see  a  change  of  one  per  cent  on  the 
microammeter  used  to  measure  the  photocurrent,  a  "constant  current 
generator",  approximated  by  a  series  of  batteries  and  a  hi^ 
series  impedance,  was  used  to  oppose  the  photocurrent  and  the 
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differencs  current  was  then  measured.  Thus,  a  change  in 
photocurrent  could  readily  be  detected.  Figure  6  shows 
the  circuit  arrangement  used  for  this  test.  The  current 
in  the  lamp  circuit  was  determined  from  measurements  made 
with  the  potentiometric  voltmeter.  There  were  two  dis¬ 
advantages  of  this  method:  (1)  The  diode  phototube  might 
not  have  been  stable;  (2)  The  small  batteries  used  to  provide 
the  "opposing  current"  might  not  have  been  stable. 

To  eliminate  problem  (2)  above,  the  voltage  drop  across  a  series 
resistor  in  the  lamp  circuit  was  checked  with  the  potentiometric 
voltmeter.  The  circuit  is  shown  in  Fig.  7.  Simultaneously, 
the  battery  terminal  voltage  and  the  voltage  across  a  rheostat 
in  the  lamp  circuit  were  measured. 

In  several  instances,  rather  sudden  changes  in  lamp  current 
and  in  light  output  occurred  without  a  corresponding  change 
in  the  other  quantity.  While  these  events  cannot  be  definitely 
explained,  repeated  tests  indicate  that  these  were  probably  due 
to  poor  contacts  in  the  metering  circuits.  IVhenever  deliberate 
small  changes  of  lamp  current  have  been  made,  corresponding 
changes  in  light  output  have  been  observed.  Prolonged  and 
repeated  tests  have  lead  us  to  the  conclusion  that,  provided 
sufficient  time  is  allowed  fen:  the  battery  to  stabilize  after 
switching  on,  the  light  output  of  this  source  varies  less  than 
0,2  per  cent  in  a  four -hour  period. 
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The  light  source  that  is  presently  used  in  the  multiplier 
tube  test  rack  and  also  in  the  single-stage  multiplier  test 
set  is  shown  in  Fig,  8,  The  potential  across  the  lamp  is 
measured  with  the  differential  voltmeter  and  periodically 
adjusted  to  its  original  value.  If  such  a  change  is  made 
every  hour,  the  change  in  light  output  for  a  four-hour  test 
period  will  be  less  than  0,1  per  cent. 

Changes  in  battery  voltage  and  lamp  output  as  a  result  of 
temperature  changes  were  investigated  and  it  was  found  that 
they  were  negligible  for  a  temperature  change  of  several 
degrees  C. 

A  six  volt  lamp  was  used  successfully  in  the  single-stage 
multiplier  test  set. 

D.  Experiments  Performed  with  the  Single-stage  Photomultiplier  Tube 
1.  Stability  of  VarioiB  Secondary  Emitter  Surfaces;  . 
a.  Introduction: 

Single-stage  tubes  were  made  for  measuring  the  stability 
characteristics  of  Cs^Sb,  MgO,  BeO,  and  K^Sb. secondary 
emitter  surfaces.  In  some  tubes,  both  dynodes  were  the 
samej  in  otfers,  two  different  surfaces  were  compared,- 
Not  much  work  was  done  during  the  early  part  of  the 
program  with  MgO  and  BeO  since  dynodes  with  these  surfaces 
must  have  a  higher  potential  applied  to  them  to  get  a 
gain  equal  to  that  of  Cs^Sb.  Th\B,  these  surfaces  could 
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not  be  used  in  the  7029  unless  the  maximum  voltage 
rating  of  the  tube  were  exceeded.  Dtiring  the  course 
of  the  contract,  we  were  informed  that  the  voltage  couM 
be  incr.eased  in  the  application  of  the  tube.  Therefore, 
more  consideration  was  then  given  to  these  materials. 

K^Sb  was  investigated  as*  a  secondary  emitter  surface. 

It  was  not  expected  that  the  gain  of  this  type  surface 
would  be  as  .  high  as  that  of  Cs^Sb,  but  it  was  thought 
that  it  might  be  high  enovi^  to  be  used  in  the  7029  and 
that  it  might  be  more  stable  because  its  vapor  pressure 
is  lower.  The  results,  however,  indicated  that  the 
gain  is  much  too  low. 

Stability  of  MgO  and  Cs3Sb  Secondary  Emitter  Surfaces  in 
Single-stage  Tubes 

(1)  Procedures 

The  dynode  base  material  for  the  Cs^Sb  secondary 
setter  surface  was  nickel.  This  nickel  was 
oxidized  so  that  the  actual  substrate  was  nickel 
oxide.  The  nickel  oxide  was  then  coated  with 
antimony.  The  d/node  base  material  for  the  MgO 
secondary  emitter  STxrface  was  a  silver-magnesium 
alley.  This  was  oxidized  to  form  a  layer  of  MgO. 
One  dyriode  of  each  type  was  assembled  in  each  tube. 
The  tubes  vere  exhausted  and  out gassed.  Cesium 
vapor  was  then  admitted  to  the  tube.  The  tube 
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was  heated  and  the  cesium  reacted  with  the  antimony 
to  form  cesium  antlmonlde.  The  tubes  were  then  aged 
and  secondary  emission  measurements  were  made. 

(2)  Preparation-  of  Cs^Sb  Substrates: 

.  The  nickel  parts  were  degreased  In  trichlorethylene 

jO 

at  about  75  C  and  then  rinsed  In  deionized  water. 

After  drying,  these  parts  were  sealed  In  a  glass 
tube  and  pumped  down  to  three  microns'  pressure.  The 
tube  was  then  placed  In  a  furnace  and  the  parts  were 
outgassed  at  880°C  for  15  minutes.  Oxygen  was  then 
admitted  to  a  pressure  nearly  equal  to  atmospheric 
pressiire.  One  minute  after  the  oxygen  was  admitted, 
the  tube  was  removed  frcmi  the  furnace  and  quickly 
cooled.  The  parts  were  removed  from  the  tube, 

(3)  Antimony  Evaporation; 

Antimony  was  evaporated  onto  the  nickel  parts  in  a 
bell  Jar.  The  pressure  during  evaporation  was  less 
than  1  micron  of  Hg. 

(U)  Preparation  of  MgO  Surfaces; 

The  AgMg  alloy  base  material  for  the  MgO  surfaces  was 
cleaned  as  follows;  The  parts  were  first  washed  in 
trichlorethylene  to  remove  all  grease.  The  parts  were 
washed  in  ether,  then  boiled  in  a  lO'a  solution  of  acetic 
acid  for  15  minutes.  They  were  then  rinsed  in  deionized 
water.  They  were  washed  in  acetone  and  finally  dried  in 
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in  an  oven  at  110°C,  The  parts  were  oxidized  as  follows: 

They  were  put  in  a  long^haid  glass  bulb  about  U  inches 

in  diameter.  The  open  end  of  the  bulb  was  connected  to 

an  exhatist  system  by  a  plastic  tube.  A  small  amount 

of  water  was  then  put  in  the  cold  trap  of  the  system 

and  frozen  by  a  mixture  of  methanol  and  diy  ice  in  the 

flask  around  the  trap.  The  pressure  was  reduced  to 

about  1.5  microns  Hg.  The  glass  tube  was  placed  in  an 

o 

electric  fxirnace  at  about  550  C  for  10  minutes.  During 
this  time,  the  water  vapor  from  the  ice  in  the  trap 
reacted  with  AgMg  to  form  a  layer  of  MgO  on  the  parts. 

At  the  end  of  the  10  minutes,  the  bulb  was  removed  from 
the  even,  cooled,  and  opened  to  air  at  atmospheric  pressure 
The  bulb  was  then  flushed  with  oxygen.  The  bxilb  was 
again  put  in  the  furnace,  this  time  at  725°C.  Oxygen 
was  forced  through  the  bulb  at  a  rate  of  10  liter/minute 
for  15  minutes.  The  bulb  was  then  removed  from  the 
furnace,  cooled,  and  the  parts  were  removed. 

(5)  Construction: 

Single-stage  tubes  were  assembled  with  one  AgMg  dynode 
and  one  Cs^Sb  dynode.  The  cathode  base  material  was 
nickel.  It  was  cleaned  and  coated  with  antimony  the 
same  as  bases  for  the  Cs^Sb  secondary  emitter  stirfaces. 
Thus,  during  processing,  a  Cs3Sb  photosurface  was  fomed. 
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The  tubes  were  pumped  down  to  10"^  mm  Hg.  Th^  were 
then  outgassed  for  2  hours  at  2ii0°C.  After  cooling, 
the  cesium  generator  was  heated  by  RF  induction  and 
cesium  condensed  on  the  inside  bulb  wall.  Each 
generator  contained  a  mixture  of  two  parts  silicon  and 
one  part  cesium  chrcmate  by  weight.  The  total  weight 
in  each  was  35  mg.  VJhen  heated,  the  silicon  reacted 
with  the  chromate  and  free  cesium  was  liberated.  The 
tubes  were  then  closed  off  from  the  pumps  and  baked  at 
160°G  for  one-half  hour,  lluring  the  bake,  the  cesium 
reacted  with  the  antimony  on  the  dynodes  and  cathodes 
to  form  Cs^Sb.  Undoubtedly,  sone  cesium  also  reacted 
with  or  was  absorbed  by  the  MgO  to  form  a  composite 
surface.  (MgO-Cs.)  Pumping  was  then  started  and  the 
tubes  were  baked  an  additional  70  minutes  at  170°C  to 
remove  excess  cesium.  After  cooling  to  room  temperature 
the  tubes  were  sealed  off  from  the  exhaust  system. 

Aging  and  Testing: 

The  tubes  were  aged,  that  is,  operated  for  1/2  hour. 
Forty-five  volts  was  applied  between  the  cathode  and 
dynodes  and  anodes.  (The  dynodes  and  anodes  were 
connected  electrically.)  The  currents  ranged  between 
30  and  35  jpa.  One  day  after  aging  the  tubes  were 
tested  for  gain.  Ninety  volts  was  applied  between  the 
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cathode  and  dynodes,  ^’orty-five  volts  was  applied  between 
the  dynodes  and  anode.  As  previously  mentioned,  it  had 
been  determined  that  the  potential  between  the  cathode  and 
anode  should  be  1.5  times  that  of  the  potential  between 
cathode  and  dynodes, 

(8)  Stability  Tests; 

These  tubes  were  stability  tested  three  times.  The  first 
two  tests  were  made  with  the  same  voltages  as  above,  i.e., 

90  and  U5  volts.  After  the  first  test,  the  tubes  were  baked 
at  155°C  for  35  minutes.  They  were  then  aged  for  l5  hours, 
again  at  90  volts  and  volts.  Three  days  after  aging, 
they  were  tested  the  second  time.  One  week  after  the  second 
test,  they  were  tested  the  third  time.  This  time,  the 
voltages  were  115  and  57  volts. 

(9)  Test  Results; 

Figures  9  and  10  show  the  results  of  the  three  tests  for 
•  tube  No,  5ii  and  Figures  11  and  12  show  the  results  for  tube 
No,  55.  The  initial  readings  of  the  tests  were  taken  between 
/j5  and  6o  seconds  after  voltage  was  applied  and  the  tubes 
were  exposed  to  light.  The  values  obtained  for  the  gains  in 
the  initial  test  after  processing  are  shown  below.  Also, 
the  initial  and  final  dynode  currents  are  shown  for  the  15 
horn-  aging  period. 
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Tube  No. 

55 

Gain 

AgMg  dynode 

2.1 

2.1 

Cs^Sb  dynode 

3.9 

ii.3 

Dynode  Currents  (aging) 

Initial 

AgMg  dynode 

12 

13 

Cs^Sb  dynode 

Final 

30 

23 

AgMg  dynode 

10 

8 

Gs^Sb  dynode 

13 

10 

In  tube  No.  5ii,  the  AgMg  dynode 

was  at  the  top 

position  and  the 

Cs^Sb  at  the  bottom.  In  tube  No,  55*  they  werf 

2  just  reversed.  As 

can  be  seen  from  the  graphs,  the  baking  and  aging  caused  increased 

fatigue  for  the  Cs3Sb  dynodes. 

In  tube  No,  53 

,  the  current  of  the 

AgMg  dynode  increased  steadily  during  the  stability  test  before  the 
bake,  but  after  the  bake,  it  increased  only  for  about  the  first  half- 
hour  and  then  decreased.  However,  the  rate  of  increase  was  greater 
after  the  bake  so  that  the  percentage  of  positive  fatigue  was 
actually  greater  dxiring  the  latter  test.  In  tube  No.  the  AgMg 
dynode  had  no  positive  fatigue  before  the  bake  and  this  process  did 
not  affect  the  characteristics  significantly  although  there  was 
slight  positive  fatigue  after  the  bake. 

The  characteristics  from  the  third  test  for  the  Cs^Sb  dynodes  at 
115  volts  are  nearly  Identical  to  those  of  the  second  test  at  90 
volts.  Also,  the  characteristics  of  the  AgMg  for  the  third  test 
are  similar  to  those  of  the  second. 
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c.  Stability  of  MgO  In  the  Single-stage  Tube 

(1)  Procedure f 

Most  of  the  single-stage  tubes  that  were  made  had 
Cs3Sb  photocathodes.  Thus  the  tubes  could  not  be 
baked  at  temperatxires  as  hi^  as  desired  since  the 
photosurface  would  be  destroyed.  However,  a  small 
number  of  tubes  was  made  using  Ag-O-Cs  cathodes  and 
these  could  be  baked  at  higher  temperatures  than  those 
with  the  Cs3Sb  cathodes.  Near  the  end  of  the  program 
two  tubes  with  AgMg  dynodes  were  made  with  such  cathodes. 

(12  other  tubes  were  made  also  with  this  type  cathode. - 
each  tube  had  one  GuBe  (3e0  surface)  and  one  AgMg  (MgO  surface) 
dynode.  These  will  be  discussed  later.)  The  MgO  surfaces 
were  prepared  the  same  as  those  in  the  preceding  section. 

The  cathode  base  material  in  this  case  was  silver.  After 
assembly,  the  tubes  were  exhausted,  out  gassed,  and 
activated.  They  were  then  aged  and  tested. 

(2)  ibchaust  Procedure ; 

The  tubes  were  pumped  down  to  about  10'"^  mm  Hg.  They 
were  then  outgassed  for  if  hoiirs  at  360°C,  During  the 
last  l5  minutes  of  this  bake,  oxygen  was  admitted  to 
a  pressure  of  abouct  10  mm  J%  so  that  apy  contaminants 
remaining  on  the  dynode  would  be  burned  off.  After 
the  tubes  were  pumped  down  and  cooled,  oxygen  was  again 
admitted  and  the  cathodes  were  oxidized  by  a  glow 
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discharge  between  the  cathode  and  grid.  This  glow 
discharge  probably  affected  the  dynodes  little,  if  any. 

The  tubes  were  again  pumped  down  and  cesium  was  admitted, 
Each  tube  contained  one  generator  with  U5  mg  of  cesium 
chromate  and  silicon  in  a  2:1  ratio.  The  tubes  were 
then  baked  at  230 °C  for  1$  minutes. 

(3)  Aging; 

The  tubes  were  aged  about  2k  hours  with  90  volts  applied 
to  the  dynodes  in  normal  room  illumination.  Dynode 
currents  were  about  1  microampere . 

(U)  Test  Results; 

The  gains  of  these  tubes  were  measured  and  the  tubes  were 
then  stability  tested  with  90  volts  between  the  cathode 
and  dynodes.  Initial  readings  for  the  stability  tests 
were  taken  30  seconds  after  voltage  was  applied  and  the 
tubes  were  exposed  to  light.  Five  days  after  the  first 
stability  test,  another  stability  test  was  made  but  this 
time  the  cathode-to-dynode  potential  was  11$  volts.  The 
stability  characteristic  curTnes  for  these  tests  are  shown 
in  Figs.  .13  and  lii.  Prior  to  making  stability  tests, 
the  gains  of  the  tube  shown  in  Fig.  13  were  -  top  dynode  - 
3.1,  bottom  dynode  -  3.0.  The  gain  for  the  tube  shown 
in  Fig,  lli  were  -  top  -  2,8,  bottom  -  2.9.  For  one  tube 
(Fig,  lii)  we  see  that  the  characteristics  of  both  dynodes 
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at  90  and  115  volts  are  similar  but  that  the  fatigue 
at  ll5  volts  is  considerably  less  than  at  90  volts. 

For  the  other  tube,  however,  the  characteristics  for 
the  different  voltages  are  quite  different.  At  90 
volts,  both  dynodes  fatigue  positively,  while  at  115 
volts,  both  have  considerable  negative  fatigue.  One 
would  not  expect  this  difference  since  both  tubes  were 
processed  in  the  same  fashion  and  at  the  same  time. 

d.  Stability  of  BeO  and  Cs  Sb  Secondary  anitter  Surfaces  in  the  Single-stage  Tube 
(1)  Procedure; 

These  tubes  were  made  using  nearly  the  same  procedure  that 
was  used  for  those  with  MgO  and  Cs.jSb  secondary  emitter 
surfaces.  (Section  IllUb)  However,  more  cesium  was  used 
in  these  and  the  tubes  had  to  be  baked  longer  to  remove 
the  excess.  Also,  the  BeO  surfaces  were  not  prepared  in 
the  same  manner  as  the  MgO  surfaces. 

(2)  Preparation  of  the  BeO  Sir  faces; 

The  CuBe  alloy  base  material  for  the  BeO  surfaces  was 
cleaned  as  follows;  The  parts  were  first  cleaned  in 
trichlorethylene  to  remove  all  grease.  The  parts  were 
washed  in  ether  and  then  washed  in  a  solution  of  50^ 
acetic  acid  and  50^  h^rochlwic  acid.  They  were  then 
rinsed  in  the  deionized  water.  Finally,  they  were 
rinsed  in  acetone  and  dried  in  air.  The  parts  were 
oxidized  in  water  vapor  the  ^ame  as  the  AgMg  parts  but 
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they  were  not  flushed  with  oxygen  at  a  high  temperature 
like  the  AgMg  parts, 

(3)  Exhaust  t 

The  tubes  were  pumped  down  to. 10“^  mm  Hg  and  out  gassed 
for  1^  hours  at  2U0°C.  Aft.er  cooling,  cesium  was  admitted 
to  the  tubes.  Each  generator  contained  a  total  of  $0  mg 
of  cesium  chromate  and  silicon.  As  before,  the  tubes  were 
closed  off  from  the  pumps  and  baked  at  l60°C  for  ^  hour. 
Then,  while  being  pumped,  they  were  baked,  nearly  2  hours 
at  170°G.  The  cathode  sensitivities  and  leakage  currents 
were  measured  during  this  bake.  This  length  of  time  was 
necessary  to  reduce  the  leakage  cvirrents,  caused  by  excess 
cesium,  to  reasonable  values.  Obviously,  less  cesium  should 
have  been  used.  (Note  -  These  tubes  were  made  before  those 
with  the  MgO  and  Cs  Sb  surfaces  and  those  were  then  made 
with  less  cesium.) 

(U)  Aging  and  Testing; 

The  tubes  were  aged  for  §  hour  with  volts  applied  between 
the  cathode  and  the  dynodes  and  anode.  The  currents  ranged 
between  30  and  35  microamperes.  Several  days  after  aging, 
the  gains  of  the  tubes  were  measured.  The  voltages  for  the 
tests  were  90  and 

(5)  Stability  Tester 

The  procedure  followed  for  stability  testing  was  the  same  as 
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for  the  tubas  with  the  and  Gs^Sb  dynodes.  The  first 
two  tests  were  made  at  90  and  h$  volts.  Between  these 
tests,  the  tubes  were  baked  at  for  35  minutes  and 

then  aged  for  15  hours  again  at  90  and  U5  volts.  The 
second  test  was  performed  three  days  after  aging.  One 
week  after  the  second  test,  they  were  tested  the  third 
time  at  115  and  57  volts. 


(6)  Test  Results? 

Figs.  15  and  16  show  the  results  of  the  three  tests  for 
tube  #U9  and  Figs.  17  and  18  show  the  results  for  tube 
#50.  The  initial  readings  of  the  tests  were  taken  between 
kS  and  60  seconds  after  voltages  were  applied  and  the  tubes 
were  exposed  to  light.  The  values  obtained  for  the  gains 
in  the  initial  test  after  processing  are  shown  below.  Also, 
the  initial  and  final  cfynode  currents  are  shown  for  the 
15  hours  aging  period. 

Tube  No.  1^9  50 

Gain 

CuBe  dynode  2.2  2.0 

Cs^Sb  dynode  li.l  3.0 

Dynode  Currents  (aging) 

Initial 

CuBe  dynode  8.5  11 

Cs^Sb  dynode  l6  20 

Final 


CuBe  dynode 
Cs3Sb  (fynode 


9  7 

9  12 
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In  tube  the  CuBe  dynode  was  at  the  top  position  and 
the  Cs^Sb  at  the  bottom.  In  tube  #50,  they  were  just 
reversed. 

Fig.  19  shows  the  stability  characteristics  of  a  third 
tube  with  a  BeO  and  Cs^Sb  secondary  emitter  surface. 

This  tube,  with  one  exception,  was  processed  the  same 
as  discussed  above,  thou^  at  an  earlier  date.  The  length 
of  the  final  bake  for  this  tube  on  exhaust  was  one  hour. 

This  was  sufficient  to  reduce  the  leakage  although  the 
amount  of  cesium  in  this  tube  was  the  same  as  for  those 
above.  In  this  particular  case,  the  curves  obtained  from 
plotting  dynode  currents  against  tine  are  almost  identical 
to  those  in  Fig.  19.  The  dynode  currents  were  of  the  order 
of  0.1  microampere  and  the  potential  between  cathode  and 
dynodes  was  90  volts.  The  gain  of  the  Cs3Sb  dynode  at 
90  volts  was  U.U  and  of  the  CuBe  was  2.1i  (prior  to 
stability  testing). 

As  before,  the  effect  of  the  bake  on  the  Cs^Sb  dynodes 
was  to  Increase  the  fatigue  although  the  change  for  tube  #50 
was  not  very  significant.  The  effect  of  the  bake  on  the  CuBe 
dynodes  was  to  change  the  characteristics  from  positive  to 
negative  fatigue. 

At  115  volts,  all  -tile  dynodes  had  increased  negative  fatigue 

but  the  changes  were  small  except  for  the  CsjSb  (fynode  in 

tube  #li9  where  the  Increase  was  rather  large.  The  characteristics 
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of  tube  #3^  at  lew  current  are  similar  except  that  the  Cs^Sb 
dynode  current  does  not  drop  Immediately. 

e.  Stability  of  BeO  Secondary  Emitter  Surfaces  in  a  Single-stage  Tube 

(1)  Procedure; 

A  series  of  five  stability  tests  were  made  on  a  tube  with  ^ 

two  BeO  secondary  emitter  surfaces.  The  BeO  surfaces 
were  prepared  the  same  as  those  in  the  preceding  section. 

The  tube  also  contained  the  same  amount  of  cesium.  However, 
the  activation  bake  was  slightly  different.  The  tube  was 
baked  two  hoirs  at  170°G.  During  the  first  thirty  minutes, 
the  tube  was  closed  off  from  the  exhaust  system. 

(2)  Aging? 

Again,  the  initial  aging  was  the  same  as  that  for  the  tubes  in 
the  preceding  section.  Between  the  fourth  and  fifth  stability 
tests,  the  tube  was  again  aged  fca:  about  60  bom's.  For  this 
aging  50  volts  was  applied  to  the  top  dynode,  100  to  the 
bottom.  The  anode  potential  was  1^  volts.  The  initial  top 
dynode  current  was  1.9  microamperes.  The  initial  bottom 
dynode  current  was  2.7  microamperes. 

(3)  Testing; 

Several  days  after  the  initial  aging,  the.  gains  were  measiired 
at  90  volts.  The  gain  of  the  top  dynode  was  2. .8,  bottom  2.$. 

f 

Three  days  after. the  gain  measurements,  the  first  stability 

test  was  made.  About  one  month  after  the  first  test,  the  second  * 
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test  was  made  and  the  third  two  weeks  after  the  second. 

The  data  for  these  first  three  tests  are  plotted  in 
Fig,  20.  The  fourth  test  was  made  eleven  days  after  the 
third  and  the  fifth  one  week  after  the  fourth  (four  days 
after  aging).  The  data  for  the  last  two  tests  are  plotted 
in  Fig.  21.  All  these  tests  were  made  at  90  volts.  The 
dynode  currents  for  the  first  two  tests  were  roughly  0.0$ 
microamperes.  The  dynode  currents  for  the  third,  fourth, 
and  fifth  tests  were  respectively  about  0.3,  0.3,  and  0.7 
microamperes.  The  characteristics  for  the  first  two  tests 
are  nearly  the  sane,  as  they  should  be,  since  the  test 
conditions  were  the  same.  At  higher  currents,  the  bottom 
dynode,  which  was  previously  more  stable,  changed  more  due 
to  an  initial  sharp  decrease.  The  baking  and  aging  process 
eliminated  this  decrease  and  also  decreased  the  slope  of 
the  positive  fatigue.  The  bake  caused  the  top  dynode  to 
increase  sharply  for  the  first  few  minutes  and  then  decrease 
slowly  thereafter.  The  result  was  that  both  dynodes  became 
more  stable.  But  the  top  which  was  aged  at  only  30  volts 
was  considerably  more  stable  than  the  bottom. 

f.  Comparison  of  Stability  Characteristics  of  MgO  and  BeO  Secondary 
Emitter  Surfaces 

(1)  Procediu’et 

Twelve  tubes  were  made  with  one  CuBe  dynode  and  one  Agl'lg 
dynode.  These  were  made  to  determine  which  secondary  emitter 
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surface  was  ths  most  stable.  However,  the  cathodes 
(which  were  Ag-O-Cs  photo surfaces)  had-  very  low 
sensitivities  and  it  was  not  .possible  to  operate  the, 
tubes  at  high  dynode  currents.  The  BeO  surfaces  were 
formed  the  same  as  those  described  in  Sec.  IIDld.  The 
MgO  surfaces  were  formed  the  same  as  those  described 
in  Sec.  IIDlb. 

(2)  Exhaust  Procedure; 

The  tubes  were  processed  similarly  to  those  in  Sec.  IIDlb. 
The  tubes  were  pumped  down  and  when  a  pressure  of  about 
10“^  mm  Hg  was  reached,  they  were  baked  for  one  hour  at 

O  y  O 

200  C.  The  temperature  was  then  increased  to  3o0  C  and 
baked  two  ho\irs.  During  the  last  15  minutes  of  this  bake, 
oxygen  was  admitted  to  a  pressure  of  about  10  mm  Hg.  After 
the  tubes  were  pumped  down  and  cooled,  oxygen  was  again 
admitted  and  the  cathodes  were  oxidized  by  a  glcw  discharge 
between  the  cathode  and  grid.  The  tubes  were  again  pumped 
down  and  cesium  was  admitted.  Each  tube  contained  one 
generator  which  had  a  mixture  of  two  parts  silicon  and  one 
part  cesium  chromate  by  weight.  TcAal  weight  was  mg. 

The  tubes  were  then  closed  off  from  the  pumps  and  baked  for 
15  minutes  at  175°C.  Pumping  was  again  started  and  the 
tanperature  was  raised  to  250°C  and  held  for  one  hour. 
Apparently,  the  cathodes  sensitivities  would  have  been 
higher  if  the  tube  had  not  been  baked  so  long.  However,  the 
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leakage  would  then  have  been  too  high  to  accurately  measure 
the  dynode  currents.  The  tubes  were  cooled  and  tipped  off 
from  the  system.  The  final  pressure  was  about  10“^  mm  Hg. 

(3)  Aging: 

The  tubes  were  aged  2k  hours  with  90  volts  between  the 
cathode  and  dynodes  and  k$  volts  between  dynodes  and  anode. 
The  dynode  currents  ranged  between  1  and  k  microamperes, 

(U)  Test  Results; 

Three  weeks  after  aging,  the  tubes  were  stability  tested. 
The  voltages  were  90  and  Ii5.  The  data  were  plotted  and 
the  curves  are  shown  in  Figs.  22  to  32.  Dynode  currents 
ranged  between  1.0  and  3.5  microamperes.  The  initial 
readings  were  taken  one  minute  after  the  tubes  were  exposed 
to  light. 


The  gains  of  the  dynodes  are  given  below.  These  were 

measured  at  90  volts. 

CuBe  AgMg 

Tube  No,  Secondary  anitter  Surface  Secondary  Emitter  Surface 


1 

2.9 

2.8 

2 

3.3 

3.2 

3 

2.8 

3.1 

h 

2.9 

2.9 

5 

2.8 

2.9 

6 

3.3 

3.0 

7 

2.8 

3.1 

8 

3.U 

3.1i 

9 

3.7 

3.2 

10 

3.2 

3.1 

11 

3.0 

3.0 
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The  cliaracteristics  as  shown  in  Figs.  22-32  should  not 

■n 

be  considered  as  being  very  accurate.  As  previously- 
mentioned,  the  cathoie  sensitivities  were  very  low  and 
this  made  it  difficult  to  obtain  reliable  data.  For 
example,  it  is  doubtful  that  the  currents  of  a  dynode 
would  increase,  thaidecrease  and  again  increase  as  is 
seen  in  Figs,  31  and  32.  This  is  probably  due  to 
experimental  error.  However,  the  results,  along  with 
the  results  previovely  obtained,  indicate  that  the 
characteristics  of  the  two  materials  are  similar.  But 
one  must  remember  that  different  processing  techniques  or 
different  operating  procedures,  could  produce  quite 
different  results, 

g.  Stability  of  K^Sb  Secondary  anitter  Surfaces  in  the  Single-stage  Tube 
(1)  Procedure; 

A  nunber  of  tubes  were  made  in  which  potassium  was  used 
instead  of  cesium.  It  was  not  expected  that  the  gain  of  the 
secondary  emitter  surfaces  would  be  as  high  as  if  cesium 
were  vised.  However,  it  was  -thought  that  the  gain  might  be 
comparable  to  that  of  and  BeO,  but  more  stable.  In  the 
first  three  tubes,  the  potassium  reacted  with  the  lead  in 
the  glass  stem  and  none  was  available  to  react  with  the  antimony. 
Three  more  tubes  were  then  made  with  stems  formed  from  a  lead- 
free  glass  but  these  stems  had  only  two  lead  wires.  These 
had  only  one  dynode  and  it  was  supported  by  a  lead  wire  that 
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was  sealed  in  the  top  of  the  bulb.  The  secondary  emitter 
substrates  were  formed  and  the  antimony  evaporation  was 
performed  the  same  as  in  Sec.  IIDlb. 

(2)  Sxhaust; 

The  three  tubes  were  exhausted  individually.  The  first  tube 

was  pumped  down  to  10“^  mm  Hg.  It  was  then  out  gassed  at 
o 

2U0  G  for  2  hours.  After  cooling,  a  generator  was  heated 
and  potassim  was  released  in  the  tube.  The  generator 
contained,  by  weight,  one  part  potassium  chromate,  one  part 
aluminum,  and  eight  parts  tungsten.  The  total  weight  of 
the  mixture  was  approximately  95  milligrams.  The  tube  was 
then  closed  off  from  the  system  and  baked  at  l85°G.  After 
baking  25  minutes,  no  photosensitivity  was  observed  so 
potassium  was  released  from  the  second  generator.  (The 
tube  was  pumped  while  potassium  was  being  released.)  The 
tube  was  cooled  and  removed  from  the  exhaust  ^stem. 

(3)  Aging: 

The  tube  was  operated  for  three  hours  with  90  volts  between 
cathode  and  dynodes  and  135  between  cathode  and  anode.  The 
dynode  current  was  about  U  microamperes. 

(U)  Stability  Test; 

The  tube  was  tested  for  7  hours  with  90  volts  between  cathode 
and  dynode.  The  primary  curent  was  about  26  microamperes 
(about  15  microamperes  per  cm^).  These  data  are  plotted  in 
Fig.  33.  The  fatigue  is  less  than  A  second  stability 
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test  was  made  at  the  same  voltage  but  lower  current.  The 
primary  current  was  about  7.2  microamperes,  Dxiring  six 
hours,  the  fatigue  was  less  than  2%,  The  gain  of  the  ^ynode, 
however  is  only  about  2,  A  curve  of  gain  versus  voltage 
is  shown  in  Fig.  3h  for  this  tube.  Apparently  the  value 
obtained  for  500  volts  was  not  correct. 

Exhaust  and  Testing  of  Other. Two  Tubes; 

The  other  two  tubes  were  exhausted  in  the  same  manner  with 
the  following  exception:  Both  generators  were  "flashed" 
initially  and,  after  flashing,  one  was  baked  2  hours- and 
the  other  1-|  hours.  The  baking  time  was  determined  by  the 
photoemission  and  leakage.  The  gains  of  these  were  less 
than  two.  The  photoemission  of  one  was  very  low  and  it  was 
not  stability  tested.  The  other  showed  7%  positive  fatigue 
diiring  a  five  ho\ir  test  at  90  volts.  The  primary  current 
was  about  9  microamperes.  The  results  obtained  indicate 
that  this  type  secondary  emitter  surface  is  very  stable. 
However,  the  gains  were  too  low  to  be  of  practical  utility. 
Again,  different  processing  might  have  yielded  higher  gains 
but  to  Investigate  the  problem  con^jletely  would  have  required 
more  time  than  was  considered  justifiable  under  this  program. 
It  is  interesting  to.  note  that  the  secondary  yield  reaches 
a  maximum  at  only  two  hundred  volts  and  drops  very  little  up 
to  800  volts,  (Leakage  currents  were  too  large  to  obtain  data 
at  higher  voltages).  The  yield  of  Cs^Sb  surfaces,  on  the 
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other  hand,  reaches  a  maximum  at  ^00-600  volts  and  the 
curve  is  not  nearly  so  flat  in  the  vicinity  of  the 
maximum. 

2.  Variations  in  Oxidization  and  Antimony  Thickness  of  Cs-^Sb  Dynodes; 

a.  Procedure; 

Tubes  were  made  which  had  two  Cs^Sb  secondary  emitter  surfaces. 

One  of  each  pair  of  siirfaces  had  some  variation  in  the  thickness 
of  antimony  or  the  oxidation  time  of  the  nickel  base.  The  other 
was  a  standard  surface,  i.e.,  it  was  processed  the  same  as  the 
Cs^Sb  surface  previously  described.  Twelve  tubes  contained 
dynodes  on  which  the  antimony  was  about  two-thirds  the  normal 
thickness.  Previous  to  the  evaporation,  the  nickel  bases  of  four 
of  these  were  oxidized  one  minute  as  discussed  in  Sec.  IIDlb(2). 
Four  were  oxidized  one-half  minute  and  four  two  minutes.  Eleven 
contained  dynodes  on  which  the  antimony  was  about  twice  the 
normal  thickness.  The  time  of  oxidization  on  these  was  as  follows: 
Three  dynodes  -  1  minute,  four  dynodes  -  3 A  minute,  four  dynodes  - 
2  minutes.  In  addition  seven  tubes  had  s\u*faces  with  the  standard 
antimony  layer  but  four  of  these  were  oxidized  for  3A  minute 
and  three  for  two  minutes.  Some  of  these  tubes  had  an  orifice,  or 
small  tubulationat  the  top  of  the  bulb  which  was  sealed  after  the 
mount  was  sealed  in  the  bulb.  However,  as  previously  stated, 
this  did  not  appear  to  effect  the  stability  characteristics, 

b.  Processing: 

Some  of  these  tubes  were  pre-exhausted,  i.e.,  they  were  evacuated 
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and  then  sealed  without  processing.  The  tubes  of  course, 
had  to  be  exposed  to  air  when  they  were  again  sealed  to  the 
exhaust  ^stera.  These  tubes  were  #3,  U,  7,  8,  11,  12  and  2U 
thiTu  30,  These  tubes  were  exhausted  the  sane  as  those  in 
Sec.  IIDlb.  Each  tube  contained  two  ^0  mg  cesium  generators. 

All  of  these  tubes  were  aged  about  three  days  with  cathode  to 
dynode  potential  of  90  volts.  The  cathode  currents  were  between 
5  and  15  microamperes, 
c.  Stability  Tests: 

All  tubes  were  tested  with  a  potential  of  90  volts  between 
cathode  and  dynode  and  L5  volts  between  dynode  and  anode.  These 
test  data  are  listed  in  Table  #1,  p.Ul.  The  percent  fatigue  of  each 
dynode  and  the  initial  dynode  currents  for  the  stability  test 
are  shown.  The  oxidization  time  and  the  thickness-  of  the  antimony 
layer  as  compared  with  the  standard  layer  are  given  for  each 
experimental  dynode.  Also  the  position  in  the  tube  of  each 
experimental  <dynode  is  given.  Not  all  the  tubes  were  tested 
exactly  the  same  length  of  time.  However,  this  does  not  affect 
the  results  when  one  dynode  is  compared  with  the  other.  Moreover, 
if  one  tube  is  compared  with  another,  the  effect  of  this  difference 
in  test  time  is  qiiite  small  since  the  change  in  gain  after  the 
first  three  ho\rs  is  smAll.  The  time  for  each  test,  in  general, 
was  about  four  hours.  It  was  not  expected  that  the  dispersion 
in  the  data  would  be  as  great  as  it  is.  There  are  large 
differences  in  the  stabilities,  of  two  dynodes  in  one  tube  as  well 
as  between  two  tubes.  The  most  one  can  conclude  is  that  these 
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Table  No.  1 


Comparison  of  Standard  Cs  Sb  I^ode  and  Cs  Sb  Ixodes  with 
Variations  in  Antimony  Thickness  and  Oxidization  Time 


Tube 


ISxperlmental  Dynode  Standard  Dynode 


Position^ 

Oxidization 

Time 

Antimony-* 

Thickness 

— % - 

Fatigue 

Initial* 

Current 

— 

Fatigue 

Initial 

Current 

B 

1  (Min.) 

2/3  X 

17 

.82  ua 

11 

l.Qh 

T 

4 

tt 

17 

1.38 

13. 

1.18 

B 

2 

li 

9 

A6 

12 

.U7 

T 

1 

2 

tl 

23 

•  99 

16 

1.03 

B 

1 

U 

13 

.87 

11 

1.22 

T 

1 

tt 

13 

1.77 

19 

1.63 

T 

1 

tt 

17 

l.?.h 

26 

1.U2 

B 

1 

It 

20 

.88 

18 

1.10 

T 

2 

It 

h 

1.13 

7 

1.13 

B 

2 

It 

12 

l./i3 

16 

1.29 

T 

2 

It 

23 

.89 

29 

.82 

■  B 

2 

It 

3h 

.82 

19 

.90 

T 

3/U 

ij  X 

27 

1.11 

21 

.33 

T 

tt 

It 

7 

*33 

12 

.77 

B 

tt 

tt 

17 

1.13 

10 

.77 

B 

tt 

ft 

6 

1.87 

11 

1.60 

T 

1 

tt 

3 

l.kl 

6 

1.89 

T 

1 

It 

12 

.li3 

10 

.301 

B 

1 

It 

13 

.73 

19 

1.07 

T 

2 

ft 

10 

.h2 

9 

.36 

'T 

2 

tt 

7 

1.22 

16 

1.28 

B 

2 

It 

16 

.30 

23 

.63 

B 

2 

tl 

h 

.31 

<L 

•  hS 

T 

3/U 

1 

3 

•hi 

12 

.60 

B 

3/U 

It 

16 

.32 

9 

.38 

B 

3A 

It 

12 

.27 

*1 

•  h2 

T 

2 

It 

10 

•  k2 

A 

.U8 

B 

2 

tl 

17 

.37 

13 

.31 

T 

2 

It 

9 

.67 

19 

.39 

T 

2 

It 

17 

.66 

2k 

•  9h 

A  Indicates  whether  the  experimental  dynode  was  at  the  top  (T) 
or  bottom  (B)  position  in  the  tube. 


Thickness  of  layer  as  compared  with  thickness  for  standard 
surface. 


*  Initial  dynode  current  for  stability  test. 
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variations  in  antimony  thicknesses  probably  do  not  affect 
stability,  but  if  primary  cuirents  are  considered,  one  might 
expect  to  get  slightly  better  results  by  increasing  the  time 
of  oxidization.  Since  this  large  dispersion  was  obtained,  it 
can  be  concluded  that  it  probably  would  have  been  better  to 
investigate  these  two  problems  separately,  i.e.,  determine  first 
whether  stability  is  dependent  upon  the  oxidization  and  then 
experiment  with  variation  in  antimony  thickness.  Moreover, 

,  variations  shoxiM  also  have  been  made  in  the  pressure  during 
oxidization.  However,  the  program  covered  so  many  aspects  that 
limits  had  to  be  set  on  the  thoroughness  of  the  investigation  of 
any  one  of  them, 

3,  CS'^Sb  Secondary  Emitter  Surfaces  Formed  on  Various  Substrates; 
a.  Introduction: 

As  previously  mentioned,  the  standard  Cs^Sb  surfaces  are  formed 

on  nickel  bases.  The  nickel  is  oxidized  so  that  the  actual 

substrate  is  nickel  oxide.  To  determine  whether  the  substrate 

has  any  affect  on  the  characteristics  of  secondary  emission,  Cs^Sb 

✓ 

surfaces  were  made  on  four  different  types  of  substrates.  Be 0  .and 
MgO  were  chosen  since  these  are  good  secondary  emitter  surfaces  them¬ 
selves.  MnO  was  used  since  this  appears  to  improve  the  characteristics 
of  Ca3Sb  cathodes.  Finally  gold  was  used  to  obtain  a  relatively  inert 
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metal  substrate.  Single-stage  tubes  were  made  that  had  one 
dynode  which  was  made  with  a  special  substrate  and  a  standard 
dynode  with  the  nickel  oxide  substrate  for  comparison.  A 
number  of  surfaces  were  made  with  each  of  the  different 
substrates.  Some  were  used  for  the  top  dynode  and  some  for 
the  bottom  ctynode  of  the  single-stage  tube  so  that  one  couM 
be  certain  that  the  position  of  the  surface  did  not  affect 
the  results. 

b.  Gs^Sb  Secondary  Emitter  Surfaces  Formed  on  MnO  Substrates:: 

(1)  General: 

Twelve  single-stage  tubes  were  made  in  two  groups  of 
six  each.  Each  tube  contained  one  Cs^Sb  secondary 
emitter  surface  formed  on  a  MnO  substrate.  The  photo - 
and  secondary -emitter  sxurfaces  in  all  the  tubes  of  the 
first  group  were  destroyed  when  the  exhaust  system  failed. 

(2)  Formation  of  Substrates: 

The  MnO  substrates  were  formed  on  nickel  bases.  These 

nickel  parts  were  degreased  in  trichlorethelene  at  about 
o 

75  G  and  rinsed  in  deionized  water.  They  were  then  cleaned 
in  the  following  solvction  at  75°C:  acetic  acid  -  60^ 

(by  voluns),  nitric  acid  -  k0%,  hydrochloric  acid  -  0.005^. 

The  parts  were  again  rinsed  in  deionized  water  and  then 
electroplated  using  a  platinum  anode  and  the  following 
electrolytei  f^rated  manganous  sulfate  -  75  grams/liter, 
ammonium  sulfate  -  13  grams/liter,  citric  acid  -  1  graVliler, 
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hydroxy  lamina  sulfate  -  ^  gram/liter.  The  magnanese 
that  was  plated  on  the  parts  oxidized  as  soon  as  it  was 
exposed  to  air.  The  parts  were  again  rinsed  in  water, 
then  in  acetone  and  dried  in  air.  The  nickel  oxide 
substrates  for  the  standard  dynodes  were  prepared  in  the  same 
manner  as  those  in  Sec.  IIDlb. 


(3)  Processing; 

These  tubes  were  processed  in  the  same  manner  as  those 
in  Sec.  IIDlb.  Each  tube  contained  two  50  mg  cesium 
generator  s . 

(U)  Test  Results; 

The  gains  of  all  the  cfynodes  were  measured  and  are  shown 
in  Table  #2. 


Table  No,  2 

Comparison  of  Cs3Sb  Secondaty  Ebiitter  Surfaces  on  Nickel  Oxide 

and  on  ^4lnganese  Oxide 


Tube  # 


Nickel  Oxide 


-retest 


Gain 

- 

Fatigue 

Id# 

Gain 

1 - 

Fatigue 

Position 

U.3 

U3 

2.3 

3.8 

8 

2.0 

T 

h.2 

h3 

2.0 

U.O 

2h 

2.2 

B 

28 

2.0 

3.7 

11 

2.0 

B 

k.2 

h9 

l.U 

3.3 

31 

2.U 

T 

U.O 

30 

1.7 

3.5 

51 

2.5 

B 

b 

U6 

7.U 

lU 

lo.u 

3.9 

59 

6.li 

3.5 

33 

9.5 

T 

Percent  fatigue  of  dynode  current  from  four  hour  stability 
test  with  cathode  to  dynode  potential  equal  to  90  volts  and 
constant  primary  current.  All  fatlgve  is  negative. 

Initial  cfynode  current  of  fotxr  hour  stability  test. 

^  Indicates  idiether  (i^ynode  with  MnO  substrate  is  in  the  top  (T) 
or  bottom  (B)  position  in  the  single-stage  tube. 
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After  this  first  test,  the  tubes  were  aged  for  2h  hours. 
Initial  dynode  curents  ranged  between  8  and  12  micro¬ 
amperes.  Two  weeks  after  aging,  the  stability  tests 
were  started.  All  testing  and  aging  was  done  with  a  cathode 
to  anode  potential  of  90  volts.  The  per  cent  fatigue 
from  the  four  hour  stability  test  and  the  initial  dynode 
currents  of  the  test  are  also  shown  in  Table  §2.  Also,  the 
position  of  the  dynode  in  the  tube  is  indicated  in  the 
table.  The  equipment  was  not  functioning  properly  when 
tube  #5  was  stability  tested.  Therefore,  this  tube  was 
retested  at  a  later  date.  From  the  table,  it  is  seen 
that  in  every  case  the  dynode  with  the  MnO  substrate  is 
more  stable  than  the  standard  dynode.  However,  the  gains 
of  these  are  also  less  than  those  of  the  standard  (fynodes 
but  they  are  high  enough  to  be  useful  in  the  7029. 
c.  Cs^Sb  Secondary  knitter  Surfaces  Formed  on  MgO  Substrates 
(l)  General; 

Twenty-four  single-stage  mounts  with  a  Cs3Sb  secondary 
emitter  surface  formed  on  MgO  substrates  were  made  in 
two  groups  of  twelve.  In  six  of  the  first  group  the 
antimony  later  on  the  MgO  was  of  standard  thickness,  i.e., 
it  was  the  same  thickness  as  is  normally  used  on  the 
standard  Cs^Sb  dynodes.  For  the  other  six  the  antimony 
layer  was  very  thin.  Only  enough  antimony  was  evaporated 
onto  these  so  that  the  appearance  of  the  surface  was 
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nearly  the  same  as  a  pure  evaporated  antimony  surface. 

Four  tubes  of  this  first  group  vere  broken  during  the 
process  of  sealing  the  mount  into  the  bulb  and  sealing 
the  tubes  to  the  exhaust  system..  For  the  second  group, 
several  thicknesses  of  antimony  were  vised.  The  thickness 
was  determined  by  observing  the  decrease  of  light 
transmission  dviring  the  evaporation.  However,'  all  the 
tubes  of  this  group  were  scrapped  because  they  were 
heated  to  too  hi^  a  temperature  during  exhaust  and  the 
secondary  emitter  surfaces  were  destroyed.  The  experiment 
was  not  repeated  because  of -lack  of  time. 

(2)  Formation  of  Substrates; 

The  MgO  surfaces  were  formed  the  same  as  those  in  Sec.  IIDlb. 

The  following  procedure  was  used  to  form  the  nickel  oxide. 

The  nickel  base  material  was  cleaned  in  trichlorethylene  at 

abovit  75  C  as  before.  However,  these  parts  (nickel)  did 

not  have  the  same  appearance  as  the  ones  that  were  used 

before.  Thus,  they  Here  cleaned  ultrasonic  ally  in  a 

commercial  detergent  called  "Tergitol”  .•  The  nickel  parts 

were  then  oxidized  the  same  as  those  in  Sec.  IIDlb.  To 

be  sure  that  there  were  no  significant  Impurities  present, 

this  oxide  layer  was  removed  by  heating  the  palts  in 

.  0 

hydixjgen  for  10  minutes  at  800  C.  The  parts  were  then 
oxidized  again  in  the  same  manner. 


rH  CM 


-  U7  - 


Tube  # 


(3)  Processlngt 

The  parts  were  coated  with  antimony  as  before  except  that 
the  layer  on  some  of  the  MgO  surfaces  was  made  very  thin 
as  mentioned.  Again,  the  tubes  were  exhausted  the  same 
as  those  in  Sec.  IIDlb. 

(U)  Test  Results; 

The  gains  of  all  the  dynodes  were  measured  and  are  shown 
in  Table  #3.  After  this  first  test  the  tubes  were  aged 
for  U8  hours.  One  week  after  aging,  the  stability  tests 
were  started.  All  testing  and  aging  was  done  with  a 
cathode  to  anode  potential  of  9.0  volts.  The  per  cent 
fatigue  from  the  four  hour  stability  test  and  the 
initial  dynode  currents  of  the  test  are  also  shown  in 
Table  #3.  The  position  of  the  dyncxie  in  the  tube  is 
indicated  in  the  table. 

Table  No.  3 

Comparison  of  Cs  Sb  Secondary  Emitter  Surfaces  on 
Nickel  Oxide  and  on  Manganese  Oxide 

_ Nickel  Oxide _  Magnesium  Oxide 

^  ~  ^ 
Gain  Fatigue  •*~D»  Gain  Fatigue  Position^ 


Standard  Antimony  Layer 


3.0 

liO 

0,9 

3.3 

2h 

1.6 

B 

2.8 

38 

0.8 

h.l 

30 

2.0 

B 

2.6 

h9 

3.5 

h,2 

1^0 

8.2 

B 

3.0 

ho 

1.0 

■h,l 

16 

1.5 

T 
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Table  No.  3  (Cont'd. ) 


Tube  # 


Nickel  Oxide 

Magnesium 

Oxide 

% 

Gain 

Fatigue 

Gain 

Fatigue 

Position 

Thin  Antimony  Layer 

2.7 

U2 

0.7 

li.O 

9 

1.8 

B 

2.9 

38 

0.9 

3.6 

8 

1.9 

B 

3.5 

Uo 

1.3 

3.2 

3 

l.h 

T 

2.7 

U5 

U.U 

3.9 

10 

10.0 

B 

Per  cent  fatigue  of  cfynode  current  from  four  hour 
stability  test  with  cathode  to  dynode  potential 
equal  to  90  volts  arid  constant  primary  current. 

All  fatigue  is  negative. 

Initial  dynode  current  of  four  hour  stability  test. 


Indicates  whether  dynode  with  MgO  substrate  is  in 
the  top  (T)  or  bottom  (B)  position  in  the  single- 
stage  tube. 


We  see  that  the  gains  of  the  standard  surfaces  are  rather  low 
while  the  others  are  comparable  to  standard  surfaces  that  were 
made  previously.  Apparently,  the  base  material  did  contain 
contaminants  which  were  not  removed  or  hydrogen  was  absorbed 
which  affected  the  secondary  emitter  surface.  At  any  rate,  it 
can  be  concluded  that  the  substrate  is  very  important  for 
gain.  More  important,  however,  is  the  fact  that  the  fatigue  of 
those  surfaces  with  the  thin  layer  of  antimony  on  MgO  is 
considerably  less  than  the  others.  Such  surfaces  may  be  a 
solution  to  the  stability  problem. 


d,  Cs^Sb  Secondary  iinitter  Surfaces  Formed  on  BeO  Substrates 
(1)  General? 

Six  single-stage  mounts  were  made  with  Cs^Sb  secondary  emitter 


4 
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surfaces  formed  on  BeO  substrates.  The  thickness  of  the. 
antimony  layer  on  the  Be.O  was  measured  by  light  transmission. 

For  three  of  these  surfaces,  antimony  was  evaporated  until 
the  light  transmission  decreased  by  ^3^.  For  the  other  threQ, 
the  light  transmission  decreased  by  88^.  One  tube  from  each 
group  was  lost  during  sealing. 

(2)  Formation  of  Substrates; 

The  GuBe  base  material  was  cleaned  and  the  BeO  surfaces  were 
formed  according  to  the  procedure  that  was  used  in  Sec.  IIDld. 

(3)  Processing; 

Again,  the  tubes  were  processed  like  those  in  Sec.  IIDlb. 

(Ii)  Test  Results; 

The  gains,  of  all  the  <^nodes  were  measured  and  are  shown  in 
Table  p»50.  After  this  test,  the  tubes  were  aged  for  2li‘ hours* 
Four  weeks  after  aging,  the  stability  tests  were  started. 

All  testing  and  aging  was  done  with  a  cathode  to  anode  potential 
of  90  volts.  The  per  cent  fatigue  for  the  five  hour  stability 
test  and  the  initial  dynode  currents  of  the  test  are  also  shown 
in  Table  The  position  of  the  dynodes  in  the  tube  and  the 
per  cent  decrease  in  light  transmission  for  evaporations  are 
indicated. 
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Here,  as  with  Cs3Sb  on  MgO,  We  see  that  the  fatigue  is  smaller 
for  the  thin  surfaces  formed  on  BeO.  Apparently  the  thickness 
of  antimony  is  critical  -  we  see  that  the  two  surfaces  with 
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Table  No.  U 

Comparison  of  CsoSb  Secondary  Emitter  Surfaces  on 


Nickel  Oxide  and  on  Beryllium  Oxide 

Nickel  Oxide _  _ Beryllium  Oxide _ 

^  j  ^  ii  ^  ^  § 


Gain 

Fatigue 

Gain 

Fatigue 

_2 

Position 

Trans, 

3.3 

50 

7.0 

U.U 

19 

7.0, 

B 

88 

3.8 

12 

8.5 

3.U 

3 

7.3 

B 

53 

3.8 

27 

8.6 

3.9 

1 

7.0 

B 

53 

3.9 

U5 

8.6 

3.1i 

16 

7.U 

T 

88 

Per  cent  fatigue 

of  dynode  cvirrent 

from 

four  hour  stability 

test  with  cathode  to  tty’node  potential  eq\ial  to  90  volts 
and  constant  primary  current.  All  fatigue  is  negative. 


Initial  dj’-node  current  of  foir  hour  stability  test. 

<  Indicates  whether  cfynode  with  BeO  Substrate  is  in  the 
top  (T)  or  bottom  (B)  position  in  the  single-stage  tube, 

0  Decrease  in  light  transmission  during  antimony  evaporation 

the  thinnest  layers  are  the  more  stable.'  However,  to  definitely 
establish  this,  more  tubes  would  have  to  be  made  since  this  is 
a  rather  small  sairple.  Two  e:q)lanations  could  be  given  for  this 
increased  stability  in  the  case  of  the  thin  layers  of  antimony 
on  MgO  and  BeO,  First,  it  could  be  a  function  of  the  thickness 
of  the  Cs^Sb  surface  directly.  (The  antimony  layer  in  those 
experiments  on  the  standard  nickel  oxide  substrates  was  much 
thicker  than  here.)  Second,  some  of  the  secondary  electrons 
may  originate  in  the  oxide  layer  which  was  seen  to  be  more  stable 
than  the  Cs^Sb.  Stability  characteristics  of  a  multiplier  made 
with  Cs^Sb  secondary  emitter  surfaces  on  MgO  strongly  indicate 
that  this  does  happen.  Tlus  will  be  discussed  later.  However, 
neither  of  these  explanations  account  for  the  fAct  that,  the 
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standard  thickness  of  Cs^Sb  on  MnO  is  apparently  more  stable 
than  those  on  nickel  oxide. 

e,  Cs^Sb  Secondary  iCmitter  Sijrfaces  on  Gold  Substrates 

(1)  Generali 

Eleven  tubes  were  made.  Each  tube  had  one  dynode  with  a  regular 
nickel  oxide  substrate  and  one  dynode  with  a  gold  substrate. 

The  gold  substrates  were  electroplated  onto  nickel  bases.  The 
substrates  were  prepared  identically  except  that  one  group  (B) 
of  five  had  a  plating  current  of  0.2  amps  whereas  the  others  had 
O.U  amps  (Group  A).  Also  one  dynode  from  each  group  was  mechanically 
brushed  after  electroplating  to  check  the  adherence  of  the  gold. 

(2)  Formation  of  S\±)atratesi 

The  nickel  bases  for  the  gold  substrates  were  degreased  in  tri- 
chlor ethylene  at  about  75°C  and  then  rinsed  in  deionized  water. 

They  were  then  dipped  in  a  50^  solution  of  HCl  at  70°-80°C  for 
5  seconds  followed  by  a  water  rinse.  The  parts  were  next  given 
a  nickel  strike,  i.e.,  they  were  plated  electro lytically  with 
•nickel  at  a  high  current  density.  This  was  done  to  increase  the 
adherence  of  the  gold.  The  electrolyte  used  for  the  plating  was 

9 

nickelous  chloride  -  22,1  oz/gal,  hydrogen  chloride  -  1.175  1/gal. 
After  the  nickel  plating,  the  parts  were  again  rinsed  in  water. 

The  parts  were  then  gold  plated  in  an  electrolyte  which  consisted 
of  the  following  -  sodium  gold  cyanide  l.U  av,  oz./gal,  potassium 
cyanide  1.5  av.  oz./gal,  and  disodi\un  phosphate  1,0  av.  oz./gal. 

After  the  plating,  the  parts  were  again  rinsed  in  water,  then  in 


WADD  TR60-56U 


.  52  - 


acetone.  The  nickel  basee  for  the  regular  dynodes  were  degreased 
in  trichlor ethylene  at  about  75°C  and  then  immersed  in  an  acid 
solution  which  had  the  same  composition  as  that  used  in  Sec,  IID3b(2). 
The  nickel  was  oxidized  in  the  standard  manner. 

(3)  Processing  Procedure; 

Antimony  was  evaporated  onto  the  parts  according  to  standard 
procedure. 

(U)  Test  Results; 

The  gain  of  all  the  dynodes  were  measured  and  are  shown  in  Table  #5. 

Table  No.  5 

Ccxnparison  of  Gs3Sb  Secondary  Qni^'*'®*’  Surfaces  on  Nickel 
Oxide  and  on  Gold  Substrates 

Nickel  Oxide  Gold 


Tube  # 

Gain 

Fatigue 

Gain 

Fati  gue 

Position 

1  ° 

h.3 

51 

9.6 

it.O 

38 

8.8 

T 

2 

lx.U 

lil 

9.6 

3.7 

33 

6.6 

T 

3 

3.9 

10 

9.3 

3.5 

16 

6. It 

T 

h 

U.l 

U9 

8.1 

3.5 

hh 

6.6 

B 

5 

li.2 

19 

8.1 

3.5 

27 

6.6 

B 

6 

U.2 

hi 

9.7 

3.7 

h2 

8.5 

B 

7  ° 

U.O 

55 

7.7 

3.6 

31 

8.5 

T 

8 

U.o 

53 

9.6 

2.2 

6 

3.1 

T 

9 

U.6 

55 

7.5 

2.3 

*9 

2.3 

T 

10 

3.8 

39 

8.2 

2,h 

♦6 

3.2 

B 

11 

1;.5 

Ul 

7.5 

1.8 

♦11 

1.8 

B 

®  The  gold  substrates  for  these  dynodes  were  mechanically  brushed. 


Per  cent  fatigue  of  dynode  current  from  four  .hour  stability  test 
with  cathode  to  c^node  potential  equal  to  90  volts  and  constant 
primary  current.  All  fatigue  is  negative  except  where  indicated 
b7  (+). 

*  Initial  dynode  current  of  four  hour  stability  test. 

^  Indicates  whether  dynode  with  goM'  substrate  is  in  the  top  (T) 
or  bottom  (B)  poei'Uon  in  ths  single-stage  multiplier  tube. 
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After  this  first  test  the  tubes  were  aged  for  29  hours. 

i 

Fovir  days  after  the  aging  ended,  the  stability  tests  were 
started.  The  per  cant  fatigue  from  a  four  hour  stability 
test  and  the  initial  dynode  currents  of  the  test  are  shown  in 
Table  #5#  The  position  of  the  dynode  in  the  tube  is  also 
indicated  as  top  (Tl|  and  bottom  (B).  All  testing  and  aging 
was  done  with  90  volts  between  the  cathode  and  dynode.  Tubes 
#1-6  are  group  A  and  #7-11  are  group  B.  As  previously 
mentioned  the  plating  current  for  group  A  was  twice  that  for 
group  B.  With  the  exception  of  #7,  all  the  dynodes  of  group  B 
are  considerably  more  stable  than  those  of  group  A  and  the 
standard  dynode.  However,  the  gain  of  these  is  very  low. 

It  is  interesting  to  note  that  #7,  >diich  was  mechanically 
brushed  had  characteristics  similar  to  those  of  group  A.  The 
characteristics  of  group  A  are  similar  to  the  standard  dynodes. 
Actually  the  Cs  Sb  surface  was  not  formed  on  a  pure  gold  surface, 
because  it  was  seen  that  during  processing  the  gold  partially 
diffused  into  the  nickel, 

ii.  Variations  in  Processing  Cs-^Sb  Dynodes; 
a.  Aging? 

(l)  Introduction; 

A  number  of  experiments  were  conducted  to  determine  whether 
stability  can  be  improved  by  aging.  Most  of  these,  at  some 
phase  or  Other,  were  performed  concurrently  since  it  was  not 
possible  to  complete  one  experiment  before  starting  the  next. 
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(2)  Aging  at  Different  Volt  ages t 

(a)  Procedure  ■ 

Eight  tubes  with  Ca3Sb  dynodea  were  tested  at  different 
voltages  to  determine  whether  aging  affects  st.abi^ty. 

The  secondary  emitter  surfaces  were  prepared  the  same 
as  those  In  Sec.  IIDlb.  Each  tube  had  two  ^0  mg  cesium 
generators.  Also,  the  tubes  were  exhausted  according 
to  the  procedure  given  in  Sec.  IIDlb  except  for  slight 
difference  for  four  tubes.  These  differences  are  as 
follows:  For  Tube  #33  and  3U  the  out  gassing  period 
was  only  l|^  hours  and  during  the  entire  activation  bake 
the  temperatiure  was  170°C.'  For  tube  #14.0  the  activation 
bake  was  13  min.  longer  than  usual.  For  tube  #50, 
out  gassing  was  at  2U0°  for  l|-  hours  and  the  activation 
bake  was  l6o°C  for  i-  hour  and  then  170°C  for  nearly  2 
hotirs. 

(b)  Aging  and  Testing 
Tube  #33  and  #31: 

After  exhaust  the  gains  of  these  tubes  were  as  follows: 

Tube  #  Top  Dynode  Bottom  Dynode 

33  3.8  3.7 

3U  h,2  k.O 

The  tubes  were  than  aged  for  2  hours  with  volts  between 
the  cathode  and  dynodes.  The  anode  was  at  the  same 
potential  as  the  c^nodes.  The  cathode  currents  were  about 
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6o  microamperes.  Next,  the  tubes  were  aged  for  about 
2k  hours  with  only  27  volts  between  the  cathode  and 
dynode,  and  at  low  currents  (rou^ly  several  microamperes). 
About  two  weeks  after  aging,  the  gains  were  checked 
again  and  found  to  be  as  follows: 


Tube  # 

Top 

Bottom 

33 

k.2 

ii.u 

3k 

it.3 

k.6 

Several  months  later,  the  tubes  were  stability  tested 

at  90  volts.  The 

dynode  currents 

for  #33  and  #3ii  were 

respectively  about 

2  jia  and  1  jia. 

The  fatigue  was  as 

follows : 

Tube  # 

Bottom 

33 

20% 

12^ 

3U 

20% 

19% 

The  tubes  were  then  aged  as  follows  for  about  60  hours. 

For  #33  the  potentials  were  -  cathode  to  bottom  dynode  ■ 

30  volts,  cathode  to  top  dynode  ■  100  volts,  cathode  to 
anode  «  1^0  volts.  The  primary  dynode  currents  ranged 
between  3  and  10  microamperes.  For  tube  §3k  the  potentials 
were  —  cathode  to  bottom  dynode  ■  100  volts,  cathode  to 
top  dynode  ■  30,  and  cathode  to  anode  =  130.  Again  the 
primary  dynode  currents  were  between  3  and  10  microamperes. 
Three  days  after  aging,  these  tubes  were  again  stability 
tested  with  the  following  results: 
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Tube  if  Top  Bobtan 

33  liijj  h% 

3h  m  6% 

Tube  #3U  was  then  aged  again  but  this  time  the  bottom 

dynode  was  at  50  volts  and  the  top  at  100  volts. 

Primary  dynode  currents  were  about  3  microamperes. 

The  tube  was  aged  about  60  hours.  About  one  week 

after  agings  the  tube  was  again  stability  tested  with 

the  following  results: 

Top  Bottom 

8^  3% 

Tube  #li0  was  first  aged  for  ^  hour  with  the  dynode  and  • 
anode  US  volts  positive  with  respect  to  the  cathode. 

The  cathode  current  was  about  30  microamperes.  After 
this  the  tube  was  aged  about  UO  hours  at  lower  currents 
(several  microamperes)  with  only  27  volts  applied.  One 
week  after  aging «  the  gains  of  the  c^nodes  were  measured. 
The  gain  of  the  top  dynode  was  3.6.  The  gain  of  the 
bottom  dynode  was  2.6.  Several  months  after  testing,  the 
tube  was  stability  tested  at  90  volts.  Dxuring  hours, 
the  bottom  dynode  current  fatigued  2656  and  the  top  27%. 
However,  the  initial  gains  were  -  top  dynode  -  U.l, 
bottom  -  3.U.  This  is  a  considerable  increase  in  gain 
from  the  time  that  the  tube  was  first  tested.  The  tube 
was  then  aged  at  90  volts  for  three  days  with  dynode 
currents  of  about  10  microamperes.  Three  days  after 
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aging  another  stability  test  was  made  (90  volts). 
During  five  hours  the  bottom  cfynode  current  fatigued 
29^  and  the  top  3ii^»  Pynode  currents  were  about 
^  micTOampere. 


The 

gains  of  tube  #' 

8  83,  8U 

,  85,  86  after  exhaust 

but 

before  any  aging 

were  as 

follows: 

Tube  # 

Top 

Bottom 

83 

3.5 

3.7 

8U 

U.3 

■  h.2 

85 

3.3 

3.9 

86 

h.2 

3.7 

The 

tubes  were  then 

aged  as 

follows: 

#83  2  days  at  U5  volts  with  dynode  currents 

about  7  microamperes,  cathode  to  dynode 
potential  was  hS  volts. 

#8U  Same  as  83 

#8$  Top  dynode  was  aged  at  \x$  volts  (2?  volts 

between  dynode  and  anode)  but  the  bottom  was 
aged  at  90  volts  (U5  volts  between  dynode 
and  anode).  However,  the  two  were  not  aged 
simultaneously.  While  the  top  was  aged,  the 
bottom  was  disconnected  electrically  and 
vice  versa.  Both  were  aged  two  days.  Initial 
dynode  currents  were  about  7  microamperes, 

#86  Same  procedUbe  as  for  #89.  Initial  dynode 
currents  about  10  microamperes. 

These  four  tubes  were  stability  tested  at  90  volts  for 

four  hours  except  #86  which  was  tested  for  hours. 


Stability  test  results: 


Tube  # 

Top  Dynode  Fatigue 

Bottom  Dynode  Fatigue 

83 

21^ 

18^ 

8U 

12 

2h 

85 

5 

13 

86 

16 

li; 
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I^ode  currents  during  the  stability  test  were  about 
^  microampere  except  In  the  case  of  #81t  the  current 
was  about  1  microampere. 

Tube  was  first  aged  for  ^  hour  with  the  cathode 
current  about  30  microamps.  hS  volts  were  applied  between 
the  cathode  and  dynode,  the  anode  was  electrically  tied 
to  the  dynode.  It  was  next  aged  for  about  8G  hours  at 
27  volts  with  a  cathode  current  of  several  microamperes. 

The  tube  was  then  baked  for  ^  hour  at  l50°C.  The  gain 
at  90  volts  was  then:  top  dynode  -  U.O,  bottom  -  3.0. 

About  2  months  later,  the  tube  was  stability  tested  and 
the  following  results  were  obtained:  top  dynode  fatigue  - 
20^,  bottom  dynode  fatigue  -  9%t  initial  top  dynode  current 
1.6  ua,  initial  bottom  dynode  current  1.1  ua.  The  initial 
gain  for  this  test  was  top  ii.6,  bottom  3.6.  The  tube  was 
then  aged  at  90  volts  with  dynode  currents  about  10  * 

mlcroanperes  for  3  days.  Two  days  after  aging,  the  tube 
was  again  stability  tested.  This  time  both  initial  dynode 
currents  were  aboi;ft  1.5  microamperes.  •  The  fatigue  was 
as  follows:  top  dynode  285,  bottom  315* 

It  was  known  that  Cs^Sb  dynodes  fatigue  from  bombardment 
even  if  they  are  not  operated  as  a  secondary  emitter, 
i.e.,  if  the  dynodes  are  used  as  collectors.  A  series  of 
tests  were  made  on  this  tube  to  determine  how  the  fatigue 
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caused  by  this  bombardment  correlates  with  the 
fatigue  that  results  from  normal  operation.  For  the 
first  test  -  the  dynodes  were  bombarded  with  electrons 
of  90  ev  energy  for  four  hours.  Primary  current  for  the 
bottom  dynode  was  0.23  ua.  Primary  current  for  the  top 
dynode  was  0,30  ua.  Just  prior  to  bombarding,  and 
immediately  after,  the  tube  was  briefly  operated  as  a 
multiplier  and  the  dynode  currents  were  measured.  Before 
bombarding,  the  bottom  dynode  current  was  .76  ua  and 
the  top  1.08,  After  bombarding,  the  bottom  was  ,6ii  and 
top  .90.  Fifteen  hours  after  the  bombardment  the  tube 
was  operated  with  the  same  cathode  current.  Now  the 
dynode  currents  were*  top  ,57  and  bottom  ,78.  During 
the  first  30  minutes  of  operation  the  currents  rose  to 
.59  and  .80  and  then  decreased  thereafter.  One  would 
not  expect  that  the  gain  would  decrease  after  bonbarding 
ceased  as  it  did  here.  Hcwever,  this  effect  also  occiurs 
in  the  7029.  This  will  be  discussed  later. 

Other  tests  were  made  at  these  low  current  and  voltages 
but  the  accuracy  of  the  results  are  questionable,  Tes+s 
were  then  made  in  which  higher  currents  were  used.  First, 
the  dynodes  were  bombarded  with  electrons  of  11  ev  energy. 
The  bombarding  current  to  bottom  dynode  was  3*3  ua.  The 
bombarding  current  to  top  dynode  was  5.9  ua.  Just  prior 
to  bombarding  the  gains  were:  top  5.0,  bottom  3*8. 
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Innnediately  after  bombarding  the  gains  were:  top  U.8, 
bottom  3.7.  Two  days  later,  the  c^/’nodes  were  bonfoarded 
by  electrons  of  8  ev  energy.  The  top  c^node  bombarding 
current  was  6,0  ua  and  the  bottom  dynode  bombarding 
current  was  10  ua.  However,  no  change  in  gain  was 
observed  as  a  result  of  this  bombardment.  One  day 
later,  the  tube  was  operated  as  a  multiplier  with  a 
primary  electron  energy  of  8  ev  for  3  hours.  The  gain 
at  this  voltage  was  less  than  unity  initially  but  the 
final  gain  was  greater  than  unity.  This  was  acertained 
by  observing  that  the  current  in  the  dynode  circuit 
changed  from  a  positive  to  negative  polarity.  The 
change  in  gain,  however,  was  very  small  and  a  similar 
change  caused  by  boitbardmenb  could  not  be  detected 
since  in  this  case  the  secondary  emission  was  measured 
at  90  volts  before  and  after  braiijardment. 

The  tube  was  also  bombarded  and  operated  normally  at 
23  volts  and  hi  volts.  The  bombarding  current  at  Ii7  volts 
was:  top  5.0  ua,  and  bottom  10  ua.  Bonbarding  time 
was  3  hours.  For  normal  operation,  the  top  dynode 
current  decreased  from  23.5  ua  to  15  ua.  The  bottom 
decreased  from  19  to  lU  ua.  Operation  time  was  ho\u:s. 
For  bombarding,  the  top  dynode  current  deci^ased  from 
22.5  to  20  and  the  bottom  from  19  to  l6.5  ua.  Similar 
results  wex*e  obtained  for  23  volts.  However  at  90  volts. 
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the  decrease  catised  by  bombarding  was  the  same  as 
that  caused  by  nomal  operation.  In  each  case  the 
top  dynode  current  decreased  from  2U  to  lU  and  the 
bottom  from  19  to  13.  The  time  of  bonbardment  and  of 
normal  operation  was  3  hours  each.  The  bonbarding 
currents  were  top  8  ua,  bottom  6  ua. 

(3)  Time  and  Current  Density  Experiment t 

(a)  Procedure 

Six  tubes  were  made  with  Cs3Sb  dynodes  to  determine 
whether  the  aging  of  these  surfaces  is  a  function  of 
total  current  or  whether  it  depends,  on  current  density. 
However,  considering  the  variations  obtained  in  the 
data  discussed  thus  far,  one  should  not  rely  too  mtch 
on  data  obtained  from  only  six  tubes.  But  as  stated 
before,  experiments  such  as  this  had  to  be  started 
before  results  were  obtained  from  the  others. 

(b)  Processing  Procedure 

The  secondary  emitter  surfaces  were  prepared  the  same  as 
those  in  Section  IIDlb,'  Also  the  regular  exhaust  procedure 
was  followed  (Sec.  IIDlb).  However,  the  activation 
bake  at  170°C  was  1^  hours  instead  of  only  1  hour. 

Again,  the  tubes  had  two  90  mg  generators. 

^c)  Aging  and  Testing 

All  the  tubes  were  aged  at  90  volts  for  2^  hours  with 
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cathode  currenbe  between  0.$  and  1.0  ua.  The  gains  were 
then  measured  and  were  as  foUowst 


Tube  # 

Top  Dynode 

Bottom 

1 

3.5 

3.9 

2 

n.2 

ii.l 

3 

U.l 

3.8 

h 

U.3 

U.2 

5 

3.U 

3.3 

6 

a.o 

3.U 

Tubes  #2,  U,  and  6  were  tlien  aged  for  20  days  with  cathode 
currents  between  0.5  and  1  ua. 


Tubes  #1  and  3  were  aged  26  hours.  Initial  dynode  currents  were: 
Tube  §  Top  Bottom 

1  8  10 

3  11 


About  one  month  after  aging,  the  tubes  were  stability  tested 


for  U  hours. 

The  test 

results  are 

given  below: 

Top  Dynode 

Bottom 

Dynode 

Initial 

Initial 

No, 

Fatigue 

Current 

Fatigue 

Current 

1 

3h% 

•  1.7 

UO 

1.9 

2 

30 

•  1.9 

31 

1.8 

3 

35 

1.9 

37 

2.0 

U 

32 

1.7 

36 

2.3 

5 

U2 

1.8 

Ul 

1.6 

6 

Ul 

1.8 

U3 

1.8 

Tubes  #1  and 

3  were  then  aged  l6  more  hours  at  90  v.  The 

initial  dynode  currents  were  about  10  ua.  Three  weeks  later, 
these  tubes  were  again  stability  tested,  but  at  higher 


c\jrrents.  . 

Top  Dynode  . 

Bottom  Dynode 

No.  . 

Fatigue 

Initial 

Current 

Fatigue 

Initial 

Current 

1 

U75< 

5.8 

51 

7.1 

3 

la 

6.3 

U9 

,  7.1 
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(U)  Heating  During  Aging: 

(a)  Procedure 

Six  tubes  were  made  to  determine  how  stability  is  affected 
if  the  tubes  are  heated  while  they  are  aged.  Each  tube 
contained  two  $0  mg  cesium  generators.  The  Cs3Sb  surfaces 
were  prepared  in  the  same  manner  as  those  in  Sec.  IIDlb. 
Also,  the  tubes  were  exhausted  the  same  as  those  in 
Sec.  IIDlb. 


(b)  Testing  and  Aging 

The  tubes  were  aged  •  7  hours  at  90  volts.  The  initial  dynode 
currents  were  about  10  ua.  One  week  after  aging  the  gains 
of  the  tubes  were  measured. 


Tube  # 

Top  Dynode 

Bottom  Dynode 

1 

3.9 

U.l 

2 

U.l 

U.l 

3 

U.6 

5.0 

k 

h.6 

U..5 

5 

5.1 

U.7 

6 

m  ^  II  ^  m 

h.2 

U.l 

Tubes  #1,  2,  and  3  were  then  placed  in  an  oven  with  a  light 
source  and  operated  at  90  volts  for  6o  hours  (at  room 
temperature).  The  initial  and  final  dynode  currents  are 
given  below: 


Top  dynode _  Bottom  I^ode 


No. 

Initial 

Final 

Initial 

Final 

1 

27 

11 

31 

10 

2 

U8 

17 

5U 

17 

3 

36 

10 

UU 

12 

This  decrease  was  not  all  due  to  fatigue.  The  intensity 
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of  the  lamp  decreased. 

At  the  end  of  the  aging,  tube  #105  was  removed  from  the  oven 
and  the  other  two  were  baked  at  100°C  for  §  hour.  One  week 
later,  these  tubes  were  stability  tested  for  U  hours  at  90 
volts.  The  initial  dynode  currents  were  between  1  and  7  ua. 
Tube  #  Top  Dynode  fatigue  Bottom  Jlynode  Fatigue 


1 

21$ 

26^ 

2 

25 

29 

3 

11 

19 

The  tubes  were  then  again  aged  for  three  days  at  90  volts. 

The  primaiy  dynode  currents  were  between  3.5  and  6.2  ua. 

After  three  days  the  tubes  were,  again  stability  tested  for  U  hours 
at  90  volts. 

Tube  #  Top  Dynode  Fatigue  Bottom  Dynode  Fatigue 


1 

ld% 

21^ 

2 

26 

30 

3 

12 

17 

The  same  procedure  was 

started  for 

the  other  three  tubes 

an  electrical  short  occurred  while  the  tubes  were  being  aged 
in  the  oven.  And  this  time  the  curront  was  not  checked  prior 
to  baking  -  the  short  was  discovered  after  baking  so  it  was 
not  known  whether  these  tubes  had  fatigued. 

(5)  Tubes  Aged  on  Exhaust; 

Six  tubes  with  Cs  Sb  dynodes  were  made  to  age  on  exhaust.  That  is, 
the  tubes  were  procssed  in  the  visual  manner,  but  before, they  were 
removed  from  the  pumps,  the  tubes  were  aged.  However,  the  gains  of  these 

tubes  were  very  low.  It  was  then  discovered  that  there  was  a  deposit 

/ 

of  some  sort  on  the  inside  bulb  wall.  Apparently,  when  the  cesium 
generators  were  heated, -the  cathode  and  dynodes  also  got  hot 
and  antimony  evaporated  from  their  surfaces. 
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b.  Cleaning  of  Cs  Sb  Secondaiy  Better  Substrates: 

Eight  tubes  were  nuide  to  check  different  methods  of  cleaning  the 
nickel  base  material  for  Cs^Sb  substrates.  Each  tube  had  one  ' 
dynode  that  was  degreased  in  t rich lor ethylene  and  then  cleaned 
in  an  acid  solution  as  discussed  in  Sec,  IID3b»  acetic  acid  - 
60^  (by  volume),  nitric  acid  -  h0%,  hydrochloric  acid  -  0.005^. 
These  were  then  outgassed  and  oxidized  as  in  Sec.  IIDlb.  These 
dynodes  will  be  designated  by  C.  Four  tubes  had  cfynodes  that 
were  first  cleaned  ultra  sonic  ally  in  detergent,  then  cleaned  in 
trichlorethylene,  then  outgassed  and  oxidized.  This  oxide  was 
then  removed  by  heating  in  hydrogen  to  800°C  for  ten  minutes. 

The  parts  were  then  outgassed  and  oxidized.  These  parts  will  be 
designated  by  A.  The  other  four  tubes  had  dynodes  that  were 
cleaned  like  those  in  Sec,  IIDlb,  i.e.,  they  were  degreased  in 
trichlorethylene,  then  outgassed  and  oxidized.  Each  tube,  contained 
two  50  mg  cesium  generators.  The  tubes  were  processed  the  same 
as  those  in  Sec.  IIDlb.  The  gains  of  these  tubes  were  as  follows: 


Tube  # 

Top  Dynode 

Bottom  Dynode 

1 

3.2  A 

3.2  C 

2 

3.9  A 

3.7  0 

3.6  B 

3.7  G 

6 

3.6  B 

3.8  G 

7 

3.9  C 

3.U  B 

8 

3.8  C 

3.6  B 

(one  tube  was 

broken  -  another 

had  very  lew  sensitivity) 

The  tubes  were  then  aged  17  ho\ars  at  90  volts.  The  initial  dynode 
currents  were  about  20  ua.  Seven  weeks  after  aging  the  tubes  were 
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stability  tested.  The  per  cent  fatigue  and  Initial  dynode 
currents  are  given  below t 


1 

8.0  ua 

$s% 

10  ua 

2 

hi 

9.6 

50 

ll.li 

5 

k9  ■ 

7.8 

U5 

9.5 

6 

51 

8.7 

53 

10.2 

7 

U3 

9.3 

hh  . 

9.6 

8 

38 

8.2 

51 

9.U 

The  fatigue  for  all  these  was  greater  than  wouDd  be  expected. 
However,  the  indication  is  that  there  is  no  difference  in 
stability  due  to  the  different  cleaning  methods. 

5.  Special  Test  of  Cs-^Sb  Secondary  anitter  Surfaces: 
a.  Introduction: 

Special  single-stage  tubes  were  made'to  perform  several  experiments. 
These  tubes  had  two  holes  in  the  cathode,  one  hole  directly  opposite 
the  center  of  each  dynode.  Each  hole  was  1/8"  in  diameter.  The 
light  loss  through  these  holes  was  not  sufficient  to  cause  any 

problem  during  normal  operation.  However,  this  made  it  possible  to 

• 

direct  light  onto  the  dynodes  and  measure  the  photo emission  of 
these  surfaces.  With  these  tubes  spectral  response  data  were 
obtained  of  the  dynode  surfacd  before  and  after  aging,  secondary 
emission  a^d  photoemission  were  simultaneously  measured,  and  gain 
versiis  voltage  data  wore  taken  before  and  after  aging.  The  Gs^Sb 
seconda^  emitter  surfaces  were  irepared  the  same  as  those  in 
Sec.  IIDlb  and  the  exhaust  procedure  used  in  that  section  was 
followed  for  these  tubes.  The  tubes  were  aged  for  about  2  hours 
at  90  volts.  The  cathode-  currents  were  about  1  ua.  The  gains 
of  those  tubes  were  then  m’oasured:  Tube  ^  60  -  top  U.2',  bottom  - 
5.0,  tube  #  62  -  bottom, 3. 7,  (negligible  gain  bn  top 'dynode  of 
this  tube). 
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b.  Spectral  Response: 

The  spectral  response  of  the  four  dynodes  in  tubes  #6o  and  #62 
was  measured.  The  tubes  were  then  aged  for  2  days  at  90  volts. 

The  initial  dynode  currents  for  #60  were  about  2  ua.  The  initial 
dynode  currents  fcr  #62  were  about  2.^  ua.  Spectral  response 
data  was  then  taken  immediately  after  aging.  These  data  were 
plotted  and  are  shown  in  Fig.  35  to  38.  Tte  fatigue  in  gain 
from  aging  is  shown  in  the  figures.  The  fatigue  for  #60  was 
much  less  than  for  #62  and  we  see  that  there  was  less  change  in 
the  spectral  response  curve  for  #60. 

c.  Decrease  in  Photoelectric  Bnission  of  a  Cs^Sb  Surface  as  a  Result 
of  Fatigue  in  Secondary  Bmissiont 

Simultaneous  measurements  of  photoemission  and  secondary  emission 
were  made  of  the  bottom  dynode  in  tube  #62.  The  tube  was  operated 
at  90  volts  as  a  multiplier  for  about  8  hours.  During  this  time, 
photoemission  of  the  dynode  was  measured  a  nuirber  of  times  by 
briefly  illuminating  the  (^node  with  a  second  light  source  behind 
,  the  cathode.  The  light  passed  throu^  the  hole  in  the  cathode. 
These  data  are  shown  in  Fig.  39.  The  initial  dynode  current  was 
1.3  ua.'  The  initial  photocurrent  was  1.2  ua.  It  is  seen  that 
the  photoemission  decreases  with  the  secondary  emission  fatigue. 

d.  Gain  vs.  Volts  Before  and  After  Fatigue: 

Gain  versus  volts  data  was  taken  for  the  bottom  dynode  of  tube 
#62.  This  was  dons  both  before  and  immediately  after  aging  for 
12  hours  at  100  volts.  The  initial  dynode  current  for  aging  was 
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5.7  ua.  This  data  is  shown  in  Fig.  liO.  It  appears  that  the 
peak  of  the  curve  after  aging  has  shifted  slightly  to  higher 
voltages. 

6.  Stability  Characteristics  at  Lew  Temperatures t 

Tube  which  was  previously  discussed  (Sec.  IIDUa)  was  stability 

tested  at  This  test  was  for  hours  at  90  volts.  The  initial 

dynode  currents  were  about  12  ua.  The  tube  and  light  source  were  both 

placed  in  a  large  cold  box.  The  data  of  this  test  are  shown  in  Fig.  Ul. 

The  tube  was  kept  at  this  low  temperature  after  the  stability  test  and 

the  recovery  of  the  (fynodes  was  checked.  This  information  is  given  below. 

The  first  row  of  figures  gives  the  final  gains  of  the  hour  test. 

Time  Gain  of  Top  Dynode  Gain  of  Bottom 

0  3.3  3.6 

1  hr.  3.7  3.k 

10  hr.  3.9  3.U 

17^  hr.  3.9  3.1i 

Temperature  increased  to  room  temp,  at  17i  hr. 

I8i  hr.  U.2  3.1i 

liO  li.U  3.6 

Several  days  later,  the  tube  was  again  stability  tested  at  room  temperature 

and  recovery  data  was  also  taken.  The  initial  dynode  currents,  however 

were  higher  (top  -  2U.5»  bottom  -  21.0).  These  are  plotted  in  Fig,  i|2 

It  is  seen  that  the  recoveiy  is  much  more  rapid. 

E.  Stability  of  the  7029 

1.  Introduction: 

Stability  tests  were  made  .on  7029^8  to  determine  (l)  whether  stability 
characteristics  of  these  tubes  are  reprodu'oible,  (2)  how  the  oharact eristics 
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are  affected  by  high  temperature,  and  (3)  how  the  characteristics 
vary  with  different  voltages  and  currents.  As  previously  mentioned, 
five  7029 's  could  be  stability  tested  simultaneously  in  the  test  rack. 

The  tubes  were  placed  in  the  rack  twenty-four  hours  prior  to  the  start 
of  the  test  since  MIL  Spec.  E-l/lllO  (USAF)  requires  that  the  tubes  be 
kept  in  darkness  for  this  length  of  time  before  testing  starts.  When 
the  tubes  were  put  in  the  rack,  they  ware  operated  and  the  filter  was 
adjusted  so  that  the  anode  current  of  each  tube  had  the  desired  value 
at  the  start  of  the  test.  About  one-half  hour  before  the  test  was 
started,  the  lamp  was  tiirned  on  to  allow  it  to  stabilize.  Unfortunately, 
some  of  the  tests  do  not  accurately  represent  the  stability  characteristics 
because  often  only  two  days  were  allowed  for  the  tube  to  recover  from  a 
test  before  another  test  was  started.  It  was  not  realized  until  late  in 
the  program. that  in  some  cases  two  days' time  was  insufficient  for  recovery, 

2,  Stability  Characteristics  Reproducible: 

A  series  of  five  tests  were  performed  on  five  7029 's  to  determine  whether 
or  not  stability  characteristics  are  reproducible.  These  tubes  were  not 
ciirrent  production  tubes.  Since  7029 's  were  both  expensive  and  in  short 
supply,  it  was  decided  that  testing  techniques  would  be  developed  and 
some  of  the  tests  would  be  made  using  a  group  of  tubes  which  were 
available  in  the  laboratory.  Furthermore,  there  was  the  possibility  of 
tube  damage  during  the  early  stages  of  technique  development .  The  only 
difference  between  the  tubes  measured  and  the  then  current  product  was 
that  they  had  not  been  given  a  special  temperature  treatment  for 
stabilization.  There  was  considerable  evidence  that  the  special 
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stabilization  treatment  changes  the  magnitude  but  not  the  nature  of 
the  fatigue.  The  percentages  of  fatigue  from,  the  tests  of  these  tubes 
were  calculated  and  the  results  are  tabulated  in  Table  #6. 

Table  No.  6 

No.  of 


Test 

Days  After 

Time  of  ^  Tube 

Per  Cent  Fatigue* 

No.  Previous  Test  Test  (Min.)  No. 

8.8.2217 

11.8.87  . 

10.8.20 

1 

0 

330 

-16» 

oo 

1 

CVJ 

4 

-29 

-13 

+27 

2 

U 

330 

-16 

-10 

-31 

-15 

+31 

3 

3 

330 

-17 

+6,  -9 

-29 

-III 

+16 

U 

5 

290 

-17 

-16 

-29 

-16 

+11 

5 

2 

290 

-16 

-15 

-27  • 

-17 

+11 

6 

3 

300 

-16 

-13 

-27 

-6 

+2k 

7 

7 

310 

-15 

^5,  -5 

-28 

-11. 

+28 

8 

h 

320 

-12 

+2  -7 

-30 

-13 

+10 

9 

5 

320 

-22 

-19 

-3U 

-26 

+18 

10 

3 

315 

-23 

-23 

-36 

-32 

+3 

11 

lii 

330 

-19 

-23 

-38 

- 

-16 

*  +  Indicates  positive  fatigue 
-  Indicates  negative  fatigue 

At  the  termination  of  the  first  test  of  these  tubes,  all  equipment  was  ' 
turned  off,  but  the  compartment  in  which  the  tubes  were  mounted,  was 
not  opened.  "The  second  test  was  then  performed  four  days  later  under 
identical  conditions.  The  results  of  these  tests  indicated  that 
stability  characteristics  were  reproducible.  The  question  then  arose 
as  to  what  results  would  be  obtained  if  the  tubes  wefe  exposed  to 
light  between  tests  and  if  the  light  spot  were  moved  on  the  cathode. 
(The  light  spot  used  was  approximately  one-eighth  inch  in  diameter. ) 
Therefore,  a  third  test  was  run  three  days  after  the  second  under 
identical  test  conditions  except  that  the  position  of  the  light  spot 
on  the  cathode  was  changed.  With  the  exception  of  one  tube  (#10.8.i|l), 
the  changes  in  the  stability  characteristics  of  these  tests  were  small. 
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The  initial  high  rate  of  fatigue  in  these  tubes  indicated  clearly 
that  the  time  of  making  the  initial  current  reading  after  opening 
the  light  shutter  must  be  controlled  accurately.  Therefore,  after 
two  days  the  tubes  were  gain  tested  under  the  same  conditions  (foiJrth 
test).  The  position  of  the  light  spot  on  the  cathodes  was  then 
shifted  and  after  two  days  the  tubes  were  again  tested.  The  results 
of  the  fourth  and  fifth  test  are  shown  graphically  in  Figs.  I4.3,  iiU,  and 
ii5.  From  these  curves,  one  can  conclude  that  stability  characteristics 
are  reproducible.  Although  the  characteristics  of  Tube  #10.8.1il  are 
questionable,  a  later  test  shows  that  instead  of  increasing  the  anode 
current  decreased.  This  indicates  that  the  tube  was  not  sufficiently 
processed  and  one  would  not  expect  stability  under  these  conditions. 

3.  High  Temperature  Storage  Tests? 

The  effects  of  hi^  temperature  storage  were  examined  with  the  same 
tubes  that  were  discussed  above.  However  prior  to  this,  an  investigation 
was  begun  to  determine  what  effect  various  aging  processes  would  have  on 
these  tubes.  The  first  stage  of  this  endeavor  was  to  expose  the  cathode 
to  a  high  light  intensity  with  a  total  of  90  volts  applied  between  the. 
cathode  and  third  dynode  for  a  period  of  three  hours.  All  dynodes 
beyond  the  third  and  the  anode  were  at  the  same  potential  as  cfynode  #3. 
Following  this  treatment,  the  tubes  were  again  tested.  From  the 
tabulated  data,  Table  #6,  it  is  observed  that  the  fatigue  in  three  of 
the  tubes  showed  no  appreciable  change  while  the  other  tubes  showed 
severe  changes.  At  this  point  the  remainder  of  this  program  was 
cancelled  because  we  had  been  requested  to  investigate  the  effect  of 
high  temperature  s'^orage. 
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Following  Tost  #6,  the  tubes  were  k^t  at  a  temperature  of  70  to  78 
degrees  C  for  fifty  hours,  then  tested  (#7)  and  again  heated  to  70  to 
78  degrees  C  for  fifty  hours.  Tost  #8  was  then  performed  after  two 
days.  After  four  days,  during  which  tine  the  tubes  were  kept  at  noriqal 
room  temperature.  Test  #9  was  performed.  The  data  from  Test  #'s  6,  7, 

8  and  9  were  plotted  and  is  shown  in  Figs.  U6,  li7,  li8,  k9  and  50.  From 
these  curves  and  the  tabulated  data,  it  is  evident  that  high  temperature 
storage  had  a  very  severe  effect  on  these  tubes  but  that  some  of  the 
change  was  time  delayed. 

After  two  days,  the  tubas  were  tested  a  tenth  time.  The  percentage 
fatigue,  with  the  exception  of  Tube  #10.8.i{l,  changed,  only  slightly 
(see  Table  #6).  The  tubes  were  then  operated  continuously  for  four 
days  and,  after  approximately  one  weak,  they  were  tested  the  last  time. 

It  may  be  noted  from  Table  #6,  that  the  behavior  of  #10. 8. U.  finally 
became  normal,  i.e.,  the  anode  current  decreased  with  time.  This  is 
what  might  have  been  expected  from  an  insufficiently  processed  tube. 

In  this  case,  the  tests  and  hi^  temperature  storage  apparently  have 
proved  to  be  substantially  equivalent  to  normal  processing  and  aging. 

Figs.  51  to  55  show  the  test  results  of  fl^  additional  tubes  that 
were  tested  before  and  after  hig^  temperature  storage.  The  percentages 
of  fatigue  from  these  tests  are  as  follows: 

Time  of  Tube  Per  Cent  Fatigue 

Test  (Min.)  Wo.  l  8.8.2^09  6.b.k038  11.H.31  6.H.21?(ri07I;g 

Before  Storage  255  -15  -20  -25  -22  -11 

After  Storage  275  -21  -31  -51  -lih  +18 
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The  second  test  was  made  about  one  week  after  the  high  temperature 
storage.  With  the  exception  of  tube  #11,8, 1;5  for  the  second  test,  the 
initial  anode  currents  were  between  8  and  10  ua.  Tube  #11,8,U5 
apparently  decreased  in  sensitivity  due  to  the  high  temperature  storage. 
For  the  second  test,  the  initial  anode  current  of  this  tube  was  1,7  ua. 
With  the  exception  of  tube  #8,8,2209-  (Fig,  5l),  all  the  tubes  showed 
a  considerable  change  in  anode  current  in  the  second  test. 

Two  production  tubes  which  were  rejected  for  lack  of  stability  were 
kept  at  a  temperature  of  72  to  7U  degrees  centigrade  for  fifty  hours. 
The  tubes  were  tested  twice  before  the  high  temperature  storage  and 
once  after  storage.  The  second  test  was  made  three  days  after  the 
first  and  the  third  was  made  five  days  after  the  high  temperature 
storage.  The  stability  characteristics  of  these  tubes  are  shown  in 
Figs,  56  and  57,  Tube  #3,9,25,  Fig.  56,  was  relatively  stable  while 
the  fatigue  in  tube  #12,8,25,  Fig,  57,  showed  a  sharp  increase.  The 
initial  anode  currents  for  these  tests  were  between  8  and  10  ua.  From 
these  tests,  it  was  concluded  that  high  temperature  could,  and  probably 
would,  adversely  affect  the  stability  of  the  7029.  However,  the  fact 
that  tube  #3,9.25  survived  the  high  temperature  storage  period  with 
only  a.  minor  change  in  stability  indicates  that  it  might  be  possible 
to  produce  tubes  whose  stability  is  substantially  independent  of  high 
temperature  storage, 

U.  Effect  of  Differential  Baking  and  Aging; 

Some  of  the  tubes  that  were  used  for  high  temperature  storage  tests 
were  differential  baked.  That  is,  the  tubes  were  placed  in  small 
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ovens  with  only  those  sections  of  the  tubes  on  which  the  cathode  is 
formed  exposed,  With  this  arrangement,  the  temperature  adjacent 
to  the  bulb  around  the  dynode  cage  structure  was  raised  to  200°C 
while  the  temperature  on  top  of  the  tubes  was  about  110°G.  The  tubes 
were  kept  at  this  temperature  for  one-half  hour,.  After  this  bake  the 
tubes  were  aged  for  eight  days  at  high  light  intensity  so  that  the 
anode  current  was  about  1  ma.  The  circuit  for  aging  this  tube  had 
high  resistances  in  series  with  the  dy nodes  so  that  the  voltages  to 
the  lower  number  dynodes  where  the  currents  were  small  were  considerably 
higher  than  for  the  higher  number  dynodes.  Actually  the  voltages  on 
the  last  few  dynodes  were  such  that  the  gains  were  unity.  This 
arrangement  was  uised  so  that  all  dynode  currents  are  much  higher  than 
during  normal  operation.  The  processing  just  described  is  similar  to 
the  processing  that  is  used  for  stabilizing  the  production  7029 's. 

After  the  stabilizing  process,  two  stability  tests  were  made  on  three 
of  the  tubes;  These  three  were  then  again  stored  at  high  tanperature 
for  90  hours,  and  again  tested.  After  the  data  were  plotted  it  was 
seen  that  the  stability  characteristics  were  not  reproduced  before 
the  high  temperature  storage.  Thereffre  it  was  not  possible  to 
determine  what  effect  the  storage  or  the  stability  processing  had  on 
these  tubes.  A  rheostat  in  the  stability  test  rack  was  then  found 
to  be  defective.  It  was  believed  that  this  caused  the  poor  test 
results.  However,  as  will  be  discussed  later,  stability  characteristics 
may  not  be  reproducible  after  a  tube  has  been  processed  for  stability 
unless  considerably  longer  time_  is  taken  between  tests.  Five  of  the 
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tubes  were  stability  tested  about  two  weeks  after  the  aging  period 
of  the  stabilizing  process  ended.  The  percentages  of  fatigue 
are  listed  be lew t 

Tube  #  8.8.2209  6.8.2038  11.8.31  6.8.2120  11.8. U5 

%  Fatigue  -12  -37  +7  -30  +2 

-U  -9 

It  is  seen  that  with  the  exertion  of  #6.8.2038,  the  tubes  improved. 

The  initial  dynode  currents  were  someidiat  lower  for  this  test.  This 
might  be  responsible  for  some  of  the  improvement  but  it  is  doubtful 
that  it  wouM  account  for  all  of  it.  The  data  from  this  test,  plus 
the  data  from  tests  to  be  disc\issed  next,  were  plotted  and  are  shown 
in  Figs.  58,  59,  60,  6l,  and  62.  The  points  of  the  curve  that  represent 
this  test  are  indicated  by  an  "X". 

5«  Stability  Tests  at  Low  Voltage  and  Current; 

About  five  days  after  the  test  discussed  above,  these  five  tubes  were 
tested  again.  Then  after  three  more  days,  the  tubes  were  tested  at 
low  currents.  Next,  after  three  more  days,  the  tubes  were  tested  at 
825  volts  instead  of  the  standard  1000  volts.  The  data  from  these 
tests  were  plotted  and  are  shown  in  Figs.  58  through  62.  With  the 
exception  of  tube  #11.8.31,  Fig.  60,  these,  curves  show  what  one  would 
expect,  i.e.,  the  percentage  fatigue  is  less  at  lower  currents  and 
voltages.  Fig.  60  indicated  that  fatigue  is  not  simply  caused  by 
cesium  migration.  If  this  were  true,  the  positive  fatigue  of  this 
tube  (#11.8.31)  should  be  as  great  at  low  currents  as  it  is  at  hi^ 
currents.  The  interesting  fact  about  this  tube  is  that  the  positive 
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fatigue  was  greater,  or  at  least  as  great,  at  82$  volts  as  it  was  at 
1000.  There  is  considerable  scatter  of  the  points  of  this  curve  and 
it  may  be  that  the  correct  cxirve  has  pot  been  deduced  from  the  data. 
However,  there  is  no  doubt  that  the  positive  fatigue  at  82$  volts  was 
at  least  as  high  as  at  1000  volts.  The  stability  characteristics  of 
the  first  two  tests  of  this  series  of  four  are  not  reproduced  as  well 
as  was  expected.  At  the  time  that  these  data  were  plotted  it  was 
thought  that  the  defective  rheostat  msntioned  previously  might  have 
been  the  reason  for  this.  However,  the  effects  of  the  rheostat  was 
such  as  to  cause  sharp  departure  from  the  smooth  curves  and  this  would 
be  noticed  for  every  tube.-  This  is  not  the  case  for  the  data  just 
presented  and  it  is  now  believed  that  the  curves  are  reasonably  accurate. 
As  was  mentioned  previously,  and  as  will  be  shown  in  the  next  section, 
to  obtain  reproducible  characteristics  the  tubes  should  not  be  operated 
for  any  considerable  length  of  time  for  at  least  several  weeks  before 
the  stability  test. 

6.  Recovery  of  Tubes  from  Fatigue r 

It  was  suspected  that  the  tubes  might  not  recover  from  a  five  hour  test 
in  two  days  as  had  been  initially  assumed.  Tests  were  then  made  on 
three  tubes  to  determine  the  actual  recovery  time.  Again,  the  tubes 
that  were  used  for  this  test  were  identical  to  the  production  7029 's. 
except  that  they  were  not  processed  for  stability.  The  procedure 
for  these  tests  was  as  follows;  The  anode  sensitivities  of  the  tubes 
were  first  measured.  (Prior  to  this,  the  tvibos  had  not  been  operated 
for  several  months).  After  this  test,  the  tubes  were  put  in. the 
stability  test  rack  and  operated  for  a  short  period  of  time  to  adjust 
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the  filters  to  obtain  the  desired  ancrie  currents.  The  next  day, 
the  tubes  were  tested  for  5^  hours  and  iiranediately  after  the  test 
was  ended,  the  tubes  were  removed  and  the  anode  sensitivities 
Mere  again  measured.  Five  days  later,  the  sensitivities  were  again 
measured.  These  test  data  are  given  below: 


First  Test 

Second  (Stability) 

Third 

Fourth 

Anode 

Initial 

Anode 

Anode 

Tube  # 

Sensitivity 

%  Fatigue 

Current 

Sensitivity 

Sensitivity 

6.9.2 

22  ma/lumen 

+9^ 

8.8  ma 

li: 

20 

-32^ 

6.9.38 

12 

+15 

8.6 

9.7 

Hi 

-1:9 

6.9.60 

26 

+15 

3.6 

18 

29 

-50 

These  data  show  that 

two  of  the 

tubes  regained  their 

sensitivy  and 

actually  increased  somewhat  within  five  days.  The  other  tute  nearly 
regained  its  initial  sensitivity.  It  is  possible  that  there  are  slight 
discrepancies  in  the  data  for  the  following  reason.  The  light  spot 
on  the  cathode  was  positioned  to  obtain  the  maximvim  current  reading  for 
the  sensitivity  test.  It  is  possible  that  the  fatigue'  from  the  five 
and  one-half  hours  of  operation  could  cause  the  position  of  the  spot 
that  yields  maximum  sensitivity  to  change. 

Next,  to  further  investigate  the  recovery  of  7029' s  a  series  of  foir 
stability  tests  were  made  using  five  tubes  of  the  standard  factory 
product.  The  first  test  was  made  about  seven  weeks  after  the  aging 
of  the  stabilizing  process  was  completed.  The  second  test  was  made 
two  days  later,  the  third  was  made  two  days  after  the  second,  and 
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finally  the  fourth  test  was  made  three  days  after  the  third  test. 
The  conditions  for  all  the  tests  were  the  same,  i.e.,  the  light 
intensity  and  the  supply  voltage,  which  was  1000  volts  as  usual, 
were  the  same.  Also  the  light  spot  was  at  the  same  position  on 
the  cathode  each  timej  the  tubes  were  not  moved  between  tests. 

The  tests  lasted  five  hours.  The  percentage  fatigue  and  the 
initial  dynode  current  of  each  tube  are  given  below  for  all  the 
tests: 


Tube  # 


U.9.^8  1179751 

h.9 

.92 

U.9.95 . 

■■SB 

,101 

w - 

Initial  % 

Initial 

% 

Initial 

%  Initial 

Initial 

Test  #  Fatigue 

Current  Fatigue  Current  Fatigue  Current  Fatigue  Current 

Fatigue 

Cirrent 

'  1  -21% 

9.3  ua  -h2% 

9.U  ua 

-32 

8.5 

■-33  9.1i 

-30 

9.5 

2  +1,  -9 

7.6  +3,  -20 

7.1 

♦2,  -16 

6.7 

•►U,  -13  7.0 

+6,  -16 

8.1 

3  +3,  -7 

7.U  +1,  -18 

7.2 

+3,  -13 

6.U 

+3,  -10  6.7 

+5,  -8 

7.9 

i;  +3,  -8 

7.6  +3,  -22 

7.7 

-.-3,  -lii 

6.5 

+6,  -10  6.7 

+7,  -10 

8.1 

It  is  seen  from  these  data  that  two  or  three  days  is  not  sufficient  time  , 
for  the  tubes  to  recover,  and  as  a  result  the  percentages  fatigue  of 
the  tests  are  considerably  less.  The  positive  fatigue  occurred  withirv 
the  first  fifteen  rainvttes.  Later,  another  five  hours  stability  test 
was  made  with  these  tubes.  (Tube  #h.9.8l  broke  due  to  glass  strain 
and  #6.8.2123  was  substituted  for  it.  This  tube  had  not  been  processed 
for  stability.)  The  tubes  were  not  operated  for  five  weeks  prior  to 
this  test.  After  the  test, reqovery  data  was  taken.  That  is,  at  the 
end  of  the  test,  the  voltage  was  turned  off  and  the  tubes  were. kept 
in  darkness,  but  later  current  readings  were  taken  by  turning  on  the 
voltage  and  exposing  the  tubes  to  light  for  a  few  seconds  -  .lust 
long  enou^  to  take  a  current  reading.  The  voltage  and  light  intensity, 
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of  course,  were  the  same  as  they  were  during  the  stability  test.  In 
this  way,  recovery  data  was  obtained. 

The  data  for  these  testa  are  plotted  in  Figs.  63  through  6?.  The  unit 
of  time  is  a  two  minute  interval.  This  was  done  so  that  the  fatigue  and 
recovery  could  be  shown  in  the  same  figure.  No  data  were  actually  taken 
after  two  minutes  of  operation.  The  values  for  this  point  were 
obtained  by  making  a  linear  approximation  from  the  values  obtained  at 
zero  and  five  minutes.  The  first  recovery  data  were  taken  three  days 
after  the  five  hour  test  and  therefore  the  shape  of  the  c\u*ve  for  this 
interval  is  not  known.  However,  a  test  on  five  other  tubes,  which  will 
be  discussed  next,  shows  that  the  sensitivity  of  the  tubes  actually 
decreases  after  operation  of  the  tubes  is  discontinued.  Taking  this 
into  consideration,  about  the  best  curves  that  could  be  drawn  with 
these  data  were  the  straight  line  shown.  Tube  #6.8.2123,  Fig.  6?, 
however,  is  an  exception.  Apparently  this  tube  recovered  rapidly  and 
actually  increased  in  sensitivity.  This  is  in  agreement  with  results 
obtained  previously  from  tubes  that  were  not  processed  for  stability, 

A  series  of  tests  were  also  made  on  another  group  of  tubes  to 
investigate  the  recovery  of  standard  7029 's.  This  time,  the  first 
stability  test  was  made  four  days  after  the  stabilizing  process 
ended.  Then  the  tubes  were  not  operated  for  three  months.  At  the 
end  of  this  time  the  second  test  was  performed,  and  three  weeks  later 
the  third  test  was  performed.  The  percentage  fatigue  and  initial 
dynode  currents  for  these  tests  are  given  below: 
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Tube  # 


ii.9.7o  irX72 

irx73 

li.9.90 

Initial  %  Initial 

% 

Initial 

% 

Initial 

%  Initial 

Test  # 

Fatigue  Current  Fatigue  Current  Fatigue  Cturrent  Fatigue 

Current 

Fatigue  Current 

1 

+h% 

10  ma  +5,  -7  8.9 

-9 

9.5 

+10,  -1 

8.3 

+3,  -7  9.1 

2 

-38 

9.6  -37  9.3 

-iiO 

8.6 

-27 

8.8 

-27  9.0 

3 

-3U 

10.0  -28  9.9 

-33 

9.0 

-26 

9.8 

-21  9.1i 

Also  the  data  for  the  third  test,  and  recovery  data  for  this  test  are 
shown  in  Fig.  68  through  72,  The  recovery  data  shown  in  the  figures, 
however,  is  only  for  six  hotjrs.  A  reading  was  also"  taken  three  days 
later.  These  currents  are  as  follows; 

Tube  #  ii.9.70  U.9.72  ii.9.73  k.9.7k  ii.9.90 

Anode  Current  7.6  MA  9.ij:  8.1  9‘h  8.6 

Note  that  the  tubes  continue  to  fatigue  even  though  operation  of  the 
tubes  has  ended, 

7.  Operation  of  7029  *s  at  Hi^  Tetnperatmre; 

During  the  course  of  the  program  it  was  requested  that  we  investigate 
the  stability  characteristics  of  the  7029  at  120°F.  To  do  this,  small 
ovens  were  designed  which  could  be  \:ised  to  heat  the  tubes  while  they 
were  being  tested  in  the  stability  test  rack.  The  design  of  the  oven 
was  as  follows:  A  tube  socket,  identical  to  the  socket  in  the  test 
rack,  was  mounted  inside  and  about  1/2”  from  the  end  of  a  hollow 
metal  cylinder  about  6”  long  and  2-|”  in  diameter.  Electrical  connections 
were  made  between  this  socket  and  a  standard  7029  base  which  was  mounted 
in  the  end  of  the  cylinder.  Heating  tapes  were  wrapped  around  the 
cylinder,  and  these  in  turn  were  covered  with  heat  insulating  ribbons. 
There  was  a  hole  1/8”  in  diameter  in  the  cylinder  wall  to  admit  light. 

A  tube  was  put  in  the  oven,  the  top  ..of  the  oven  was  closed  with 

i 

'I  ^ 
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insulating  material,  and  the  whole  unit  was  "plugged- in"  the 
test  ra  k  socket.  The  temperature  inside  the  oven  was  measured 
with  a  thermocouple.  The  first  oven  that  was  constructed  had 
three  thermocouples  so  that  a  temperature  gradient  could  be 
detected  if  it  existed.  ,  The  reason  for  the  socket  inside  the  oven 
was  to  avoid  a  tanperatxire  gradient  inside  the  tube  that  couM  be 
caused  by  heat  conduction  thro\igh  the  tube  base  pins.  Ten  tubes 
were  tested  at  120^F.  The  first  five  were  the  ones  that  were 
discussed  last  in  the  preceding  section  -  #li.9.70,  U.9.72,  etc. 

The  test  was  made  about  five  weeks  after  any  previous  operation 
of  the  tubes.  The  ovens  were  heated  about  two  hours  before  the 
test  was  started  so  that  there  was  no  dovibt  that  the  tubes  wouM 
be  in  equilibrium.  The  data  from  this  test  are  plotted  in  Fig.  73 
thru  77.  Note  that  after  decreasing  for  several  hours  the  currents 
seem  to  increase  for  a  short  period  of  time.  It  is  doubtful  ttet 
this  actually  happened.  Apparently  there  was  an  error  in  monitoring 
the  light  or  the  voltage.  At  least  this  did  not  occur  for  the  other 
five  tubes  that  were  tested.  These  five  were  also  discussed 
previously^  they  were  used  to  obtain  data  at  low  currents  and  low 
voltage.  Prior  to  this  test,  the  tubes  had  not  been  operated  for 
two  months.  Again  the  ovens  were  heated  about  two  hours  before  the 
test  started.  These  data  are  plotted  in  Fig.  78  through  82.  These 
data  can  be  compared  with  those  at  room  temperature  -  Figs.  98  to  62. 
Fig.  73  thru  77  can  be  compared  with  Figs.  68  to  72. 
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8.  Special  Stability  Test  of  a  7029 t 

To  obtain  more  Information  about  the  fatigue  process  a  special 
test  of  a  7029  was  made.  In  this  test  dynode  cuirents  as  well 
as  the  anode  current  were  measured.  To  obtain  the  necessary 
precision,  the  dynode  currents  were  measured. with  the  potentiometric 
voltmeter.  The  light  sovirce  that  was  used  is  shown  in  Fig.  8. 

The  regular  laboratory  teat  set,  which  is  designed  to  test  all 
types  of  multiplier  phototubes,  was  used  for  this  test.  With 
this  equipment,  any  dynode  can  be  operated  at  ground  potential. 
Therefore,  the  external  leakage  currents  to  that  electrode  will, 
be  at  a  minimum.  Since  an  appreciable  amount  of  time  is  required 
to  make  the  current  measurements  with  the  potentiometric  voltmeter, 
approximately  ten  minutes  was  required  to  obtain  the  initial  set  of 
djTiode  currents.  Due  to  this  spread  in  time  between  the  readings, 
it  was  impractical  to  compute  the  stage  gains.  For  these  reasons 

ft 

and  to  simplify  the  presentation  of  the  data  the  curves  were  plotted 
individually,  the  current  at  the  ten  minute  point  read  from  the 
curves,  and  the  values  at  this  time  used  to  normalize  the. curves. 

The  data  in  this  form  is  presented  in  Fig.  83. 

With  this  form  of  presentation,  if  all  the  dynodes  shewed  eqxial 
fatigue,  the  curves  would  not  be  superposed.  This  is  becuase 
the  decline  of  current  at  any  one  dynode  is  produced  by  all  the 
preceding  dynodes  as  well  as  by  the  d;pode  whose  current  is 
meas\ired.  In  fact,  if  the  fatigue  were  equal  in  all  the  dynodes, 
the  cvirves  should  fall  in  the  same  order  as  the  number  .of  the  dynode 
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and  the  amplitude  of  the  decline  in  the  curves  of  the  successive 
dynodes  should  be  proportional  to  the  terms  of  a  geometric  series. 
Furthermore, if  the  fatigue  were  simply  and  directly  related  to 
current  density  the  amplitude  of  the  decline  in  the  curves  of 
successive  dynodes  should  increase  even  more  rapidly.  However 
there  are  counteracting  influences,  the  area  of  the  even  nmbered 
dynodes  is  greater  than  that  of  the  odd  numbered  ones.  Hence, 
the  current  density  on  the  even  numbered  dynodes  is  lower; 
consequently,  the  fatigue  of  the  even  numbered  dynodes  might  be 
expected  to  be  less  than  that  predicted  by  the  geometric  series, 
hcwever,  there  is  no  obvious  reason  why  its  absolute  value  should 
be  less  than  that  measured  for  Ihe  preceding  dynode. 

Stability  Characteristics  of  Tubes  Made  Using  a  Special  Exhaust  Schedule i 
In  an  attempt  to  improve  the  stability  of  the  7029,  seven  tubes  were 
made  that  were  differential  baked  while  they  were  still  on  the 
pumps.  The  normal  exhaust  procedure  was  followed  except  for  the 
cathode  activation  bake.  For  liiis  bake  the  small  oven,  which  was 
previously  discussed,  was  placed  over  the  tube  leaving  the  cathode 
and  window  area  of  the  tube  exposed.  Then  the  regular  oven  that 
is  used  with  the  exhaust  system  was  raised  to  a  temperature  of  li4D°C 
and  Iwered  over  the  tube.  The  temperatvire  of  the  small  oven,  which 
was  measured  with  a  thermocouple  was  also  raised  and  after  10  to 
l5  minutes  it  reached  a  temperature  of  about  200°C.  These  • 
temperatures  were  then  maintained  for  one-half  hour.  That  is,  the 
cathode  was  baked  at  about  liiO°C  while  the  dynode  structure  was 
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baked  at  about  200°C.  The  initial  tests  results  are  given  below. 
The  tubes  are  listed  in  the  order  that  they  were  made. 


Tube  # 

Cathode 

Sensitivity 

Anode  Sensitivity 
at  1000  volts 

Anode  dark 

Current  at  1000  volts 

U.9.98 

110  ua/lumen 

12 .A/lumen 

0,01  ua 

U.9.106 

120 

11 

0.10 

6.9.20 

iho 

1.U 

0.01 

6.9.30  ■ 

120 

9 

10 

6.9.7 

lIiO 

1.8 

22 

6.9.10 

160 

2.9 

.oii9 

6.9.16 

lliO 

111 

.01 

7n29~t±mit  100  min. 

10  min. 

.09  max. 

This  experiment  was  very  promising  at  first.  The  first  two  tubes 
met  sensitivity  and  stability  requirements.  However,  the  other 
tubes,  with  the  exception  of  the  last  one  had  low  anode  sensitivity 
and  two  had  extremely  hijh  leakage  currents.  Tube  #U,9.98  was 
aged  for  $  hours  after  the  sensitivity  tests  and  then  after  three 
weeks  it  was  stability  tasted  for  5  hours.  It  fatigued  9% 
negatively  during  the  five  hours.  The  initial  anode  current  was 
8.9  ua.  Ti±ie  #U. 9.106  was  stability  tested  two  days  after  it  was 
exhausted.  The  initial  current  was  li,8  ua  but  increased  during 
the  entire  test  and  at  the  end  of  the  five  hours  it  was  9.9  ua.  This 
tube  was  then  aged  for  five  days  and,  four  days  after  the  aging 
ended,  it  was  stability  tested.  This  time  it  fatigued  12^  negatively 
during  five  ho\irs.  Tube  #6,9.16  was  aged  while  it  was  still  on 
the  pumps  as  well  as  being  differential  baked.  After  the 
differential  bake,  the  tube  was  cooled  and  then  covered  with  a 
black  cloth  throu^  which  only  a  small  amount  of  light  penetrated. 

The  tube  was  then  connected  to  a  bleeder  and  a  1000  volt  power 
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supply.  An  anode  current  of  about  35  ua  was  drawn  for  six 
hours.  Three  days  later,  this  tube  was  given  the  regiilar 
stability  test.  Its  percentage  fatigue  was  1^  positive  and 
10$  negative.  Six  weeks  after  any  previous  operation  these 
tubes  were  again  tested  and  then  three  months  later  they  were 
tested  for  the  final  time.  The  percentage  fatigue  for  these  tests  is 
given  belowj 

#U.9.98  #ii.9.106  #6.9.16 

-20$  -17  -16 

-25  -18  +1,  -23 

With  this  high  percentage  of  fatigue,  the  tubes  wouM  not  pass 
the  standard  7029  stability  test.  The  stability  data  of  the  last 
test  of  these  three  tubes  is  shown  graphically  in  Figs.  81i  to  86. 

It  is  seen  that  the  curves  are  similar  to  the  regular  7029.  Tubes 
#6.9.20  and  6,9.10,  which  had  low  anode  sensitivities,  were  also 
tested.  However,  the  initial  currents  of  the  tests  were  low. 

During  the  first  test,  the  initial  current  for  #6,9.20  was  2,7  ua 
and  for  6.9.10  it  was  0,9  ua.  Tube  #  6,9.20  fatigued  9$  positively, 
6,9.10  fatigued  36$  positively.  Tube  #6.9.20  was  then  aged  for 
one  day.  One  month  later,  those  two  were  again  tested.  Tube  #6,9.20 
read  h,9  ua  during  the  entire  test,  while  #6.9.10  again  increased 
from  2.1;  to  2,8  ua  or  17$.  Finally  after  three  months  they  were 
tested  the  last  time.  Tube  #6,9.20  fatigue  negatively  1;$  while 
6,9.10  again  increased  from  1;.2  to  1;,6  ua  or  10$.  Apparently 
this  tube  would  have  fatigued  negatively  after  sufficient  time  or 
if  it  had  been  aged. 
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F.  Stability  of  Modified  7029 'S 
1.  Introduction: 
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During  the  early  part  of  the  program,  four  tubes  were  made  with 
AgMg  dynodes  and  four  were  made  with  CtiBa  dynodes.  With  the 
exception  of  the  dynode  material  and  the  wei<‘:ht  of  the  charge  in 
the  cesium  generator,  the  physical  structure  of  the  tubes  was 
identical  to  that  of  the  standard  7029.  However,  because  of  the 
different  dynode  materials,  the  tubes  had  to  be  processed 
differently.  These  tubes  were  not  all  processed  at  the  same  time. 
The  ones  with  the  AgMg  dynodes  were  processed  first  but  for 
discussion  purposes,  the  ones  with  CuBe  dynodes  will  be  considered 
first.  In  general,  the  stability  characteristics,  of  the  tubes 
with  AgMg  dynodes  apparently  are  better  than  those  of  the  standard 
7029.  The  characteristics  of  the  ones  with  AgMg  dynodes  indicated 
that  such  tubes  could  be  made  very  stable.  Thus  more  of  these 
were  made  later  in  the  program.  Also  tubes  were  made  that  had 
Cs^Sb  secondary  emitter  surfaces  formed  on  MgO  substrates.  These 
tubes  initially  had  very  high  leakage  currents  and  it  was  believed 
that  no  actual  tests  could  be  made.  However,  the  leakage  was 
reduced  by  differential  baking,  and  stability  tests  were  made 
on  two  of  the  tubes.  These  were  very  stable  but  time  and  available 
funds  did  not  permit  any  fVirther  investigation, 

2.  Stability  of  7029*3  with  CuBe  Dynodes; 
a.  General 

Four  of  these  tubes  were  made.  Each  tube  had  two  30  mg 
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ceslvnrn  generators  of  cesium  chromate  and  silicon  in  a 
1  to  1  ratio  by  weight.  Only  one  of  the  generators, 
however,  was  "flashed"  because  it  was  found  that  this 
produced  sufficient  cesium.  Althou^  the  tubes  were 
not  processed  at  the  same  time,  they  were  assembled  at 
one  time  and  since  it  was  not  known  how  much  cesium  was 
required,  two  generators  were  put  in  all  the  tubes. 

However,  when  one  of  the  tubes  was  processed,  both 
generators  were  "flashed"  by  mistake.  This  tube  had 
very  high  leakage,  and  it  was  impossible  to  obtain  any 
useful  test  data  from  it  even  after  it  was  given  additional 
"bakes", 
b.  Processing 

A  tube  was  sealed  to  the  exhaust  ^stem  in  the  evening 

and  baked  one  hour  at  300°C.  The  temperature  was  then 

reduced  to  2U0°C  until  the  next  morning.  Each  tube  was 

baked  at  least  seven  hours  at  2U0®C.  The  temperature  was 
.  o 

then  raised  to  360  C  and  held  for  one  hour.  At  the  end 
of  this  time  oxygen  was  admitted  to  a  pressure  of  2  mm  Hg 
for.l^  minutes.  The  MnO-Sb  surface  for  the  cathode  was 
then  prepared  the  same  as  is  done  for  standard  7029 's. 

The  cesium  generator  was  then  "flashed"  and  the  tube  was 
baked  at  11*0 °C  for  70  minutes  and  then  at  150°C  for  70 
min\it  es . 
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c.  Testing  and  Aging 

The  anode  sensitivies  and  leakage  currents  for  these  tubes 
are  given  below; 


Anod  e  Sens .  Leakage 

Tube  #  12^0  volts  12^0  volts 


I1.9.8U  27  A/L  .62  ua 

It.  9-.  103  U.U  .U2 

I1.9.68  Hi  .10 


Note  that  the  leakage  is  very  high  for  all  the  tubes.  Tubes 
#U.9.8ii  and  U.9.103  were  aged  four  days  at  1000  volts. 

Tube  if'ii.9.68  was  aged  fotor  days  at  132$.  The  anode  current  was 
between  25  and  35  ua.  Fovir  days  after  aging  ended,  tubes 
#U.9.8U  and  li.9.103  were  stability  tested  for  four  hours  at 
1325  volts.  During  this  time,  the  anode  current  of  tube 
#Ii.9.8Ii  increased  from  8.0  ua  to  19  ua  and  the  current  of 
#U.9.103  increased  fron  8.5  to  26  ua.  These  two  tubes  were 
then  aged  again  at  1325  volts  for  six  days.  The  anode  current 
of  tube  #U.9.8li  increased  from  20  to  Ul  ua  and  for  //U.  9.103, 
it  increased  from  8  to  3l|  ua.  Two  weeks  later  the  two  tubes 
were  again  stability  tested,  this  time  for  five  hours,  and 
after  four  more  days  another  test  was  made.  It  was  then 
discovered  that  cfynode  #6  had  accidently  been  defocused,  i.e., 
the  voltage  distribution  was  uneven  between  dynoda  #6  and  #7. 
After  three  more  days  another  test  was  made  with  all  the 
dynodes  at  equal  volts  per  stage. 
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The  data  of  these  three  tests  were  plotted  and  are  shown 
in  Figs.  87  and  88.  Apparently,  defocusing  a  dynode 
has  little  effect  on  the  stability  characteristics.  The 
three  stability  tests  were  made  at  1200  volts.  The  initial 
anode  currents  are  as  follows: 

Tube  #  First  Test  Second  Test  Third  Test 
h.9.8i;  7.0  ua  7.3  9.9 

11.9.103  1.3  1.3  1.1 

For  some  unknown  reason,  the  sensitivity  of  tube  #14.9.103 
decreased  after  the  6  day  aging  period.  Tube  #li.9.68  was 
aged  for  four  days  at  1323  volts.  The  anode  current  increased 
from  23  ua  to  3ii  ua  during  this  time.  Four  days  after  aging, 
it  was  stability  tested  for  five  hours  at  1200  to  Its,  During 
the  first  fifteen  minutes,  the  current  increased  from  7.7  ua  to 
8.3,  which  is  about  8^,  and  then  decreased  to  7.8  ua  in  three  hours 
where  it  remained  for  uhe  remainder  of  the  test.  These 
three  tubes  were  then  given  the  regular  production  differential 
bake,  i.e.,  the  cage  structure  was  heated  to  200°C  for  one-half 
hour  while  the  cathode  temperatvire  was  kept  at  about  100°G. 

After  baking  the  tubes  were  again  aged  for  about  four  days  at 
1323  volts.  The  currents  for  #li.9.8i4  ana  ]i,9.103  were  between 
20  and  30  ua  while  those  for  li,9.68  ranged  between  3  and  10 
ua.  About  one  month  later  the  tubes  were  again  stability 
tested  at  1200  volts  for  five  hours.  The  per  cent  fatigue  and 

initial  dynode  currents  were: 

Tijbe  #  Fatigue  Anode  C  rrent 

ii.9.68  -6  8.2 

l:.9.8l4  +6‘.  9.2 

11.9.103  +1C0  7.1 
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3.  Stability  of  7029 's  with  AgMg  Dynodest 

a.  General: 

Four  of  these  tubes  were  made  early  in  the  program  and;  since 
fairly  good  results  were  obtained  from  these,  eight  more  were  made  at  a 
later  date.  These  were  processed  differently  than  the  first  four.  Also, 
platinum-antimony  alloy  evaporator  beads  were  used  to  form  the  cathode 
instead  of  the  pure  antimony  beads  that  are  jiDrmally  used.  However,  the 
sensitivities  of  some  of  the  latter  groups  were  very  low  and  only  four 
were  stability  tested.  With  the  exception  of  the  first  two  tubes,  the 
cesium  generator  used  in  all  the  tubes  had  the  same  cesium  content  * 

30  mg  of  cesium  chromate  and  silicon  having  equal  parts  by  weight.  The 
first  two  had  slightly  more  cesitim  -  the  generators  contained  50  mg  charge 
having  2  parts  silicon  to  1  part  cesi\im  chromate  by  weight.  For  convenience 
of  discussion,  complete  results  of  the  first  four  tubes  wiR  be  given,  and 
then  the  results  of  the  latter  group, 

b.  Processing  (1st  Group): 

With  the  exception  of  the  activation  bake,  the  first  two  tubes 
were  processed  the  same  as  the  tubes  with"  CuBe  dynodes  in  the  preceding 
section.  Tube  #U.9.85  was  baked  at  11:0°  C,  for  2-3A  hours  at  lU0°  C, 

This  long  baking  time  was  necessaiy  to  reduce  the  leakage  in  the  tube. 
During  the  first  fifteen  minutes  of  the  bake,  the  tube  had  been  closed-off 
from  the  p\imps.  The  second  tube,  #U.9,86  was  baked  1-1/2  hours.  This 
tube  was  closed-off  from  the  pumps  for  only  about  five  minuts  at  the 
start  of  the  bake.  The  other  two  tubes  were  out-gassed  differently.  They 
were  baked  at  300°  C,  for  three  hours  and  then  at  360°  C,  for  one  hour. 
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3»  8trt)llity  of  7029*8  with  Arite  Dynodest 

a.  Oeneralt 

Four  of  these  tubes  were  made  early  In  the  program  and^  since 
fairly  good  results  were  obtained  from  these,  eight  more  were  made  at  a 
later  date.  These  were  processed  differently  than  the  first  four.  Also, 
platinum>antimony  alloy  evaporator  be»ls  were  used  to  form  the  cathode 
instead  of  the  pure  antimony  beads  that  are  jx>rmally  used.  However,  the 
sensitivities  of  some  of  the  latter  groups  were  very  low  and  only  four 
were  stability  tested.  With  the  exception  of  the  first  two  tubes,  the 
cesium  generator  used  in  all  the  tubes  had  the  same  cesium  content 
30  mg  of  cesium  chromate  and  silicon  having  equal  parts  by  weight.  The 
first  two  had  slightly  more  cesium  -  the  generators  contained  50  mg  charge 
having  2  parts  silicon  to  1  part  cesium  chromate  by  wei^t.  For  convenience 
of  discussion,  complete  results  of  the  first  four  tubes  wi^  be  given,  and 
then  the  results  of  the  latter  group. 

b.  Processing  (Ist  Group): 

With  the  exception  of  the  activation  bake,  the  first  two  tubes 
were  processed  the  same  as  the  tubes  with  CuBe  dynodes  in  the  preceding 
section.  Tube  #U.9.8^  was  baked  at  lU0°  C.  for  2-3A  hours  at  lUO*’  C. 

This  long  baking  time  was  necessary  to  reduce  the  leakage  in  the  tube. 
During  the  first  fifteen  minutes  of  the  bake,  the  tube  had  been  closed-off 
from  the  pumps.  The  second  tube,  #U.9.86  was  baked  1-1/2  hours.  This 
tube  was  closed-off  from  the  puiq>s  for  only  about  five  minuts  at  the 
start  of  the  bake.  The  other  two  tubes  were  out-gassed  differently.  They 

i 

ware  baked  at  300°  C.  for  three  hours  and  then  at  360°  C.  for  one  hour. 
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Th0  8«M  prooadtire  was  than  foUowad  «•  preTiously.  For  the  one  tube, 
#U»9*91»  ^e  aetlyetion  bake  wae  lUO^  C.  for  65  minutes}  for  the  #U«9«82, 
it  vae  65  minutes  at  liiO^  C«  These  two  tubes  were  punned  continuously, 
c.  Testing  and  Aging  (Group  #l)t 

The  Initial  anode  sensitivities  and’  leakage  currents  at  the  anode 
were  measured  at  1250  volts  and  are  given  below.  The  leakage  of  #U.9.62 
was  very  high  and  no  accurate  measurments  could  be  made. 


Tube  # 

Anode  Sens. 

Leakage 

U.9.85 

12  A/L 

.Oh  ua 

U.9.86 

2.5 

.05 

U.9.91 

31 

,07 

U.9.82 

- 

- 

Tubes  #U.9.85  and  #U.9.86  were  then  aged  at  1000  volts  for  about  three 
days  In  the  regular  production  equijmient.  About  one  wedc  after  aging, 
these  two  were  operated  at  1325  volts  for  four  hours.  During  this  time 
the  anode  current  of  tube  #U.9.85  incredeed  from  8.8  to  10.1  ua  or 
Tube  #U.9.86  increased  from  8.0  to  9.1,  or  about  lli^,  during  the  first  ten 
minutes  and  then  decreased  to  8.U  ua.  After  this,  tubes  #U.9.85,  #U.9.86, 
and  #U.9.91  were  aged  for  six  days  at  1325  volts.  The  initial  currents  were 
22  ua  and  they  increased  to  about  UO  ua  and  then  decreased  slightly.  These 
three  were  then  stability  tested  three  times  at  1200  volts.  The  first  test 
was  made  two  weeks  after  aging,  the  second  four  days  after  the  first,  and 
the  third,  three  days  after  the  second.  These  data  are  shown  graphically 
in  Figs.  89  to  91*  These  tubes  were  tested  at  the  same  time  that  the  two 
tubes  with  CuBe  dynodes  were  tested,  as  discussed  in  the  preceding  section, 
l^jmode  #6  was  also  defocused  for  tube  #li.9*85  for  the  first  two  of  the 
series  of  three  tests.  All  the  tubes,  including  #U.9.82  were  then  given 
the  standard  differential  bake.  After  this,  they  were  aged  at  1325  volte 


WADD  IR6O.56I1 


-  92  - 

for  four  days.  The  anode  currente  ranged  between  IS  and  2$  ua.  A  eeriee 
of  Bix  testa  were  then  nade  on  these  tubes.  The  percent  fatigue  and  the 
Initial  anode  currents  are  given  below.  Also  the  time  between  Ihe  test  and 
previoxts  operation  is  given.  All  tests  were  made  at  1200  volts  and  the 
time  for  all  tests  was  five  hours. 


Tube  # 


Test  # 

Time  after 

Previous 

Operation 

U.9.82 

U.9.85 

U.9.86 

U.9.91 

1 

11  days 

♦1058 

7.0  ua 

♦1658. 

6.8  ua 

♦16^ 

6.3  ua 

♦u^ 

6.U  ua 

2 

3U 

♦6 

7.2 

♦lU 

7.0 

♦10 

8.1 

»l(i 

6.9 

3 

36 

8.2 

♦21 

7.8 

♦12 

8.6 

-d 

7.8 

U 

9 

♦6^ 

7.9 

♦23 

7.8 

+9 

9.2 

♦24 

8.3 

5 

39 

+7} 

8.1 

♦21 

8.2 

♦9 

9.2 

8.3 

6 

68 

♦2^ 

8.3 

♦22 

8.2 

♦6j- 

9.2 

♦1 

8.3 

The  percentage  of  fatigue  is  not  constant,  but  these  data  show  that 
apparently  AgMg  dynodes  are  far  more  stable  than  C83Sb  dynodes.  Note 
that  the  tubes  with  the  small  percentage  of  fatigue  are  the  ones  con¬ 
taining  the  lesser  amounts  of  cesiTim. 
d.  Processing  (Qroup  #2)t 

The  first  tube  #10.S!9.119,  of  this  group  was  processed  as  follows. 
After  the  tube  was  puaqped  down,  manganese  was  evaporated.  The  tube  was  then 
baked  at  300°  C.  for  1/2  hour  and  then  at  U2$°  C.  for  hours.  Next,  the 
te^}erature  was  decreased  to  360°  C.  and  oxygen  was  admitted  to  a  pressure 
of  2  am  Hg  for  15.  minutes.  The  tube  was  then  pumped  down  and  cooled.  The 
reason  for  evaporating  manganese  first  was  to  avoid  flushing  the  tube  with 
oxygen  at  room  temperature.  Normally,  manganese  is  evaporated  after  the 
tube  is  out-gassed,  and  cooled  and  then  oxygen  is  admitted  and  the  cathode 
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area  la  *cpLoirad*  to  oxidiia  tha  manganese*  One  would  expect  some  oxygen 
to  be  absorbed  In  the  tube  oomponmts  at  room  temperature.  For  the  aeti- 
ration  bakei  the  tube  was  differential  baked  as  discussed  in  Sec.  IIE9a* 

This  bake  was  for  U$  minutes*  The  cathode  temperature  was  maintained  at 
lUO^  C*,  while  the  cage  was  heated  to  about  2U0°  C. 

The  next  three  tubes,  10*59*121,  10*59*101,  and  10*59*103,  were 
processed  as  follows.  Again,  manganese  was  evaporated  as  soon  as  the 
tube  was  pumped-down*  It  was  then  baked  at  300^  C.  for  1/2  hour  and 
360°  C.  for  1  hour.  Oxygen  was  admitted  to  a  pressure  of  2  mm  Hg  for 
15  minutes  at  360°  C.  The  tubes  were  pumped  down  and.  the  temperature 
%ras  raised  to  U25°  C.  and  held  for  U  hours*  This  much  of  the  processing 
was  done  in  the  evening*  The  tubes  were  kept  at  300°  C.  until  morning. 

The  tubes  were  then  cooled  and  antimony  was  evaporated*  Again,  the  tubes 
were  differential  baked  for  activation*  They  were  baked  at  11a0°  C*  for 
about  15  minutes*  Then  the  temperature  of  the  cage  was  increased  to  2U0°  C* 
The  total  baking  time  was  U5  minutes.  Tube  #10.59*163  was  processed  nearly 
the  same  manner  as  the  previous  three  tubes*  The  only  difference  was  that 
after  evaporating  manganese  the  tube  was  baked  at  300^  C.  until  the  following 
day  when  the  remainder  of  the  processing  was  completed. 

The  other  three  tubes  were  processed  as  follows*  They  were  puiqped 
down  and  baked  at  300°  C*  for  one  hour.  Then  they  were  baked  at  U00<^  C. 
for  two  hours*  Next  they  were  cooled  and  antimony  was  evaporated.  They 
were  then  baked  one  hour  at  360°  C*  Oxygen  was  admitted  at  this  tonper- 
ature  to  a  pressure  of  2  am  Hg  and  held  for  15  minutes*  The  tubes  were 
pumped  down  and  baked  for  2  hours  at  U00°  C*  After  cooling,  antimony  was 
eyi^rated  and  the  cesium  generator  was  flashed*  The  tubes  were  then 
differential  baked  in  the  same  manner  as  the  previous  ones. 
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••  Testing  end  Aging  (Qroup  #2)t 

With  the  exception  of  tube  #10«59«l63,  ell  the  tubes  of  this 
group  were  aged  on  e^disust,  i.^.f  the  tubes  were  operated  while  they 
were  still  being  puaped.  The  sensitivity  of  tube  #10.$9.l63  was  very 
low  and  no  tests  were  made  on  it.  The  tubes  were  aged  on  exhaust  so 
that  ai^  gas  that  might  be  removed  when  the  dynodes  were  bomba^ed  would 
be  pumped  out.  It  was  observed  that,  idien  voltage  was  applied,  the  pres¬ 
sure  did  increase  slightly.  Indicating  that  gas  was  released  by  bombard¬ 


ment.  All  the  tubes  were  operated  at  1000  volts.  The  time  of  operation 
and  the  Initial  and  final  anode  currents  are  given  below. 


Tube  # 

Tims  Initial  Current 

Final  Current 

10.59.119 

1*  hrs. 

50  ua 

66  ua 

10.59.121 

5 

90 

100 

10.59.101 

U 

93 

78 

10.59.103 

3| 

90 

90 

10.59.120 

U 

90 

120 

10.59.11*7 

2 

90 

11*0 

10.59.lli8 

U 

90 

- 

The  tubes  were  tested  at  1200  volts  with  10~^  lumens. 

The  anode  current 

and  the  leakage  current  at  the  anode 

are  given  below. 

The  cathode  luminous 

-sensitivity  is  also 

given. 

Anode  Current 

Leakaae 

Cathode  Sens. 

10.59.119 

2.5  ua 

-  ua 

50  ua/lumen 

10.59.121 

26 

0.1 

90 

10.59.101 

10 

.01 

35 

10.59.103 

9  - 

.03 

32 

10.59.120 

18 

.006 

5U 

10.59.11*7 

0.1* 

• 

U2 

10.59.1a8 

1.5 

.001* 

53 

With  the  exception  of  #10.59.121,  the  cathodes  sensitivieies  were  extremely  * 

low.  Later,  tests  will  be  disoussed  that  were  made  with  the  platinum 

antimony  evaporators  to  deterain^  how  to  process  the  tubes  tc  obtain  hi^er 

i 
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oathod*  lensltlTlties*  Tuba  #10*59 *121  was  stability  tested  twice,  both 
times  at  1200V  for  5  hours.  The  first  test  was  made  about  aie  week  after 
the  tube  was  aged  on  exhaust}  the  second  was  made  five  weeks  after  the 
first.  The  initial  current  for  the  first  test  was  ti.l  ua  and  for  the 
second  it  was  8.6  ua.  During  the  first  test,  it  fatigued  ■•■1  and  -U 
percent.  During  the  second  test  the  fatigue  was  and  percent. 

Tubes  #10.59.101,  10.59.103,  and  10.59.120  were  stability  tested  three 
times.  Each  test  was  at  1200  volts  for  five  hours.  Tube  #10.59.101  was 
aged  on  exhaust  seven  days  before  the  first  test,  #10.59.103  six  days 
before  the  test,  and  #10.59.120  two  days  before  the  test.  The  second  test 
was  made  two  months  after  the  first,  and  the  third  two  months  after  the 
second.  The  percentage  fatigue  and  the  IniUal  anode  currents  of  the 
stability  tests  are  given  below. 


10.59.101  10.59.103  10.59.120 


Ist  test 

*2i,  -2i5 

7.9  ua 

7.9 

+55 

8.U  ua 

2nd 

-9 

8.6 

8.0 

-8 

7.9 

3rd 

-9 

8.0 

.6 

8.1 

-9 

8.0 

U.  stability  of  7029 *s  with  C8^^3b  Secondary  Emitter  Surfaces  on  MgO  Substrates; 
a.  General t 

Four  7029*8  were  made  with  A^Ig  dynodes  which  were  coated  with  a  thin 
liyer  of  antimony.  That  is,  when  processed  C83Sb  secondary  emitter  surfaces 
were  formed  on  substrates.  The  MgO  surfaces  were  prepared  the  same  as 
those  in  See.  IIDlb.  Antimony  was  evaporated  on  the  parts  as  discussed  in 
See.  IID3  so  that  the  light  transmission  decreased  to  255.  The  bulb  of  one 
of  these  cracked  just  prior  to  testing.  Another  was  exposed  to  air  during 

r 

processing  idien  an  attached  ion  gauge  broke.  All  four  of  the  tubes  had  ion 
gauges  attached.  They  were  to  be  used  to  Itovestigate  low  ft*equency  noise 
iMoh  will  be  described  in  Seo.  III.  The  other  two  tubes  had  high  leakage 
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currents  snl  It  was  thought  that  no  data  could  be  obtained  from  these. 

However,  the  gauges  were  later  removed  and  the  leakage  was  reduced  by 
baking.  Stability  tests  were  then  made. 

b.  Processing: 

Ihe  tubes  were  pumped  down  and  baked  at  2U0°  C.  for  two  hours. 

After  cooling,  the  cesium  generators  were  flashed.  Each  tube  had  two 
generators  which  contained  30  mg  of  cesium  chromate  and  silicon  in  equal 
parts  by  weight.  The  tubes  were  then  baked  at  160°  C.  for  30  minutes  while 
the  tubes  were  closed  off  from  the  system.  Next  they  were  baked  at  170°  C. 
for  20  minutes  while  they  were  being  punped.  The  tubes  were  again  cooled, 
antimony  was  evaporated,  and  the  cesium  generators  were  again  flashed.  The 
tubes  were  then  baked  at  lUO^  C.  for  h$  minutes. 

c.  Aging  and  Testing: 

The  tubes  were  aged  on  exhaust  at  1000  volts.  Tube  #10.^9.210  was 
aged  one  and  one>half  hours  with  initial  and  final  current  20  and  25  ua, 
respectively.  Tube  #12.9.12  was  aged  one  hour  with  Initial  and  final  currents 
l5  and  2h  ua.  The  tubes  were  ^en  tested  but  no  reliable  data  were  obtained 
because  the  tubes  had  high  leakage.  The  attached  ion  gauges  were  then  re« 
moved  and  the  tubes  were  differential  baked  for  1/2  hour.  The  cages  were 
baked  at  200°  C.  After  the  bake,  the  tubes  were  tested  at  1200  volts  and 
the  following  results  were  obtained. 


Tube  # 

Cathode  Sensitivity  . 

Anode  current  with  10””  Itaaens  at  1200  volts 
Anode  leakage  current  at  1200  volts 


10.59.210 
IkO  ua/lumen 
150  ua 
0.U  ua 


12.9.12 

150 

18 

0.02 


Tko  days  after  the  bake,  the  tubes  were  stability  tested  at  1200  volts  and 


aitoiit  twu  iwsks  aftM*  this  test  thsy  were  stibility  tested  at  1000  volts, 
ftsse  data  wars  plotted  and  are  shown  in  figs.  92  and  93.  It  is  seen  that 
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the  anode  current  first  decreased  Md  then  after  some  time  It  increased* 
Apparently,  secondaxT’  electrons  originate  both  In  the  C83Sb  and  the  MgO. 

For  the  first  part  of  the  test,  the  shape  of  the  curve  is  determined 
mostly  by  the  decrease  that  usually  occurs  for  C83Sb  but  then  the  changes 
in  the  MgO  become  dominant  and  the  eurx^nt  increases.  Increases  in  current 
have,  of  course,  been  seen  with  C83Sb  but  this  almost  invariably  occurs 
initially  and  not  sfter  any  decrease.  Three  weeks  after  the  second  stability 
test,  the  sensitivities  of  the  tubes  were  checked  at  1000  and  1200  volts. 

10.g9.210  12.9.12 


Cathode  Sensitivity 

lOOOV 

lUO 

1200V 

lOOOV 

120 

1200V 

Anode  Current  with  10“°  lumen 

60 

250 

7 

26 

Anode  Leakage  Current 

.007 

.02U 

.002 

.008 

m.  FATIOOE  OF  A  MULTIPLIER  OOmiNING  NO  CESIUM; 

Since  fatigue  is  often  attributed  to  the  migration  of  cesium,  ah 
unceslated  photomultiplier  tube  was  tested  for  stability.  The  RCA  C-7180A, 
which  is  made  for  solar  blind  applications,  contains  no  cesium.  This  tube 
has  As^  dynodes  and  a  nickel  oxide  cathode.  Since  it  is  insensitive  in 
the  visible,  the  regular  stable  light  source  could  not  be  used.  Instead 
the  necessary  ultraviolet  radiation  was  provided  by  a  mercury  vapor  lamp 
(Hanovla  Type  35A7"IiO,  Ser.  #0363N).  An  initial  test  showed  that  this  lamp 
was  quite  unstable.  Consequently  in  the  second  test,  the  lamp  output  was 
monitored  by  a  photodiode.  To  avoid  fatigue  effects  in  the  diode,  it  was 
exposed  to  radiation  only  briefly  to  cheek  the  lamp  level  each  time  a 
reading  of  the  multiplier  ou^ut  was  recorded.  The  results  of  the  test 
are  shown  in  Fig.  This  curve  strongly  resembles  the  curves  obtained  ' 

» 

9  . 


WADD  TR6(U$6U 


98 


using  nultlpllers  with  C83S!b  dynodss.  It  shows  that,  at  best,  the  cesium 
migration  hypothesis  for  explaining  fatigue  can  only  be  partially  correct 
and  that  fatigue  effects  occur  in  the  absence  of  cesium. 

IV.  LOW  FHEQUEMCY  NOISE  IN  THE  7029 1 

A.  Introduction; 

To  be  suitable  for  its  application,  the  noise  current  in  the  frequency 
band  0.06  to  10  cps  in  the  7029  must  be  less  than  330 uua  (peak  to  peak). 

This  limit  is  established  at  a  specified  anode  sensitivity  (IOA/L).  During 
the  course  of  this  program,  the  noise  In  the  productiom  7029  increased  and  a 
considerable  percentage  of  the  tubes  were  rejected  for  this  reason.  Thus,  an 
investigation  of  the  noise  was  started.  To  test-  the  hypothesis  that  the  noise 
was  associated  with  gas  pressure  in  the  tube,  several  tubes  were  made  with  ion 
gauges  attached.  The  gauges  were  used  to  neasiare  the  pressure  and  reduce  it 
after  the  tube  was  taken  off  the  eidiaust  system.  No  conclusion  could  be  made 
from  this  experiment.  The  possibilities  of  the  noise  being  caused  by  ion  feed¬ 
back,  meta-stable  atoms,  or  light  feedback  were  investigated.  No  positive  * 
results  were  obtained.  Finally  the  association  of  the  noise  with  thermionic 
emission  was  investigated.  Although  the  rmsults  were  negative,  the  test  did 
indicate  that  perhaps  the  noise  was  associated  with  the  cesium  content.  This 
was  found  to  be  a  fact.  Some  of  the  difficulty  encountered  in  the  investi¬ 
gation  was  a  result  of  the  test  equlfmient.  It  was  founl  that  the  power  supply 
was  unstable. 

B.  Investigation  of  Gas  Pressure; 

Two  tubes  were  made  with  ion  gauges  attached.  These  were  processed  the 
same  as  the  standard  7029.  The  pressure  of  the  cne  tube  (#U.9.79)  after  it 
was  rwsoved  from  the  system  was  TxKT^am  Hg.  The  cathode.  smsiUvity  of  this 
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tube  WM  100  up/lxuMn  and  the  anode  current  with  10  lumens  of  light 
flux  at  1000  volts  was  22  ua«  The  lor  frequency  noise  of  this  tube 
was  then  measured  over  three  weeks.  The  readings  obtained  varied 
between  1^0  uua  and  6000  uua«  The  limit  for  this  tube  was  330  uua. 
During  this  time  the  tube  was  dark  aged,  i.e.,  high  voltage  was 
applied  but  the  tube  was  in  complete  darkness.  This  apparently  did 
not  affect  the  noise.  Next,  the  tube  was  aged  at  1000  volts  for  a 
day.  The  initial  anode  current  was  ^.6  ua.  During  the  three  days 
after  the  aging,  the  noise  varied  between  250  and  350  uua.  The  tube 
was  then  ptimped  with  the  gauge  for  three  days.  The  initial  pressure 
was  7xl0"^mm  Mg  and  the  final  was  3xl0“^mm  Hg.  The  final  reading, 
however,  may  not  have  been  correct.  Since  the  gauge  apparently 
absorbed  cesium,  it  could  have  produced  photoemission  and  increased 
the  current  in  the  gauge.  After  pumping  ceased,  the  noise  was  500  uua. 
The  following  day  it  was  350  ua.  The  tube  was  then  again  pumped  for 
72  hours.  Noise  readings  were  taken  during  the  next  five  weeks  and 
it  varied  between  200  «id  l800  ua.  Similar  results  were  obtained 
from  the  other  tube,  but  the  noise  was  even  higher. 

C.  Investigation  of  Feedback i 

Four  tubes  were  made  to  investigate  the  possibility  that  the  noise 
is  caused  by  ion  feedback  or  by  meta-stable  atoms.  These  four  tubes 
were  standard  7029 's  in  all  respects  except  that  they  had  a  thin  metal 
shield  around  the  dynode  cage  structure  which  is  normally  open.  After 
the  tubes  were  eidiausted  but  before  they 'were  differential  baked,  they 
were  stability  tested.  The  noise  for  all  of  these  was  2500  uua  or 
hli^er.  The  tubes  were  then  differential  baked.  During  the  next  three 
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weeks  the  tubes  were  tested  four  times  end  et  no  time  did  sny  tube 
have  noise  sufficiently  low  so  that  it  would  meet  test  specifications. 
It  is  possible  that  the  shield  retained  some  of  the  cesium  that  is 
normally  baked  out  during  exhaust. 

D.  Investigation  of  Luminescence t 

If  photomultiplier  tubes  are  operated  at  extremely  high  currents, 
a  glow  can  be  observed  in  the  anode  region.  Thus,  it  was  thought 
possible  that  the  minute  current  resulting  from  thermionic  emission 
might  also  produce  light  that  could  feedback  to  the  cathode  and  cause 
photoemission  and  thereby  cause  noise.  To  check  this  possibility  a 
tube  was  tested  for  noise  in  the  usual  manner.  A  voltage  was  t  hen 
periodically  applied  to  a  second  tube  which  was  positioned  so  that 
any  light  that  might  be  generated  in  the  anode  region  would  strike 
the  photocathode  of  the  first  tube  and  increase  its  noise.  The 
results  of  the  test  were  negative.  Next,  the  tubes  were  tested  with 
a  shield  over  the  cathode  area  and  also  with  a  shield  across  the  whole 
tube.  These  shields  were  operated  at  both  cathode  and  anode  potential 
during  the  noise  tests.  If  the  noise  was  generated  by  luminescence  in 
the  ^ass  bulb  in  the  cathode  region,  one  could  expect  the  magnitude 
to  change  by  using  the  exterior  shielding.  However,  this  did  not 
appear  to  affect  the  magnitude  of  the  noise. 

E.  Investigation  of  Noise  at  Low  Temperature 

A  tube  was  tested  for  noise  at  low  tsmperatusre.  The  tube  was 
connected  to  the  power  srqyply  by  a  long  flexible  cable.  The  tube  was 
then  sealed  Inside  a  plastic  bag  which  oontained  desiccant.  It  was 
placed  in  daztoiess  and  a  noise  reading  was  obtained.  Next,  the  tube 
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wu  placed  in  a  Oewar  Flask  and  the  flask  was  filled  with  dry  ice. 

Noise  readings  were  then  made  while  the  tube  was  cooling  and  it  was 
observed  that  the  noise  decreased.  After  several  hours,  the  noise 
had  decreased  by  an  order  of  magnitude.  However,  after  sixteen  hours 
(tube  was  still  at  dry  ice  teiqperature)  the  noise  had  increased  to  its 
initial  value.  Thus  it  was  concluded  that  the  noise  was  not  due  to 
thermionic  emission.  Large  changes  had  been  observed  in  the  amplitude 
of  the  noise  in  other  tubes  and  the  large  change  observed  here  was  not 
Immediately  associated  with  any  particular  phenomenon.  Later,  how¬ 
ever,  it  was  realized  that  this  could  be  associated  with  free  cesium 
on  the  dynodes.  During  cooling,  the  bulb  temperature  decreased  much 
more  rapidly  than  that  of  the  cage.  Thus  the  excess  cesium  in  the  tube 
condensed  on  the  bulb  and  the  noise  decreased.  However,  after  the  tube 
was  in  thermal  equilibrium  the  cesium  was  again  equally  distributed 
which  caused  the  noise  to  increase.  To  definitely  establish  this,  the 
test  would  have  to  be  repeated  on  other  tubes. 

F.  Cesium  Content; 

Ion  gauges  have  been  successfully  used  to  reduce  noise  in  Image 
Intenslfler  Tubes.  The  procedure  is  the  same  as  discussed  above. 

After  the  tubes  were  removed  from  the  exhaust  system,  the  gauges  were 
used  to  pump  the  tubes  and  this  lowered  the  noise.  The  gauge  was  then 
sealed-off  from  the  tube.  However,  it  was  observed  that  considerable 
gas  is  evolved  idien  the  gauge  is  sealed  off.  The  mnount  is  comparable 
to  idiat  the  gauge  can  absorb.  The  noise,  however,  remained  at  its 
low  value  after  the  gauge  was  removed.  This  indicates  that  the  gauge 
may  absozb  a  particular  elwwit  that  causes  the  noise.  This  fact. 
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plus  the  observation  that  was  nade  above  idien  ths  tube  was  cooled  led 
to  the  thought  that  excess  eeslun  might  cause  noise*  The  fact  that 
the  noise  was  reduced  in  image  intensifier  tubes  and  not  in  the  702^ 's 
could  result  because  there  was  less  excess  cesium  in  the  image  intensi¬ 
fier  initially*  These  tubes  are  processed  differently  than  the  multi¬ 
pliers  and  less  cesium  is  admitted*  On  the  other  hand,  it  is  doubtful 
that  much  cesium  could  be  absorbed  by  the  gauge  since  it  is  operated  at 
very  high  ten^Jerature*  However,  as  mentioned  before,  some  cesiiun  is 
absorbed  because  photoemission  iqiperently  occurs  in  the  gauges.  For 
this  reason,  less  cesium  was  used  in  processing  tubes  with  AgHg  dynodes 
and,  as  a  result,  the  noise  was  lower*  This  will  be  discussed  further 
in  the  section  on  the  Development  of  tbs  C-70038. 

G,  Effect  of  Power  Supply 

During  the  course  of  the  program  it  was  suspected  that  perhaps  the 
power  supply  that  was  used  to  make  the  noise  tests  was  ur' table. 

Another  supply  was  then  used,  but  no  difference  was  obseznred  in  the 
noise*  However,  later  a  test  was  made  that  showed  that  the  power 
supply  that  was  normally  used  did  contributsto  the  noise*  .This  was 
done  by  replacing  the  tube  with  a  resistor  and  capacitor  unit  such 
that  the  impedance  was  roughly  the  same  as  that  of  the  tube.  Fluctu¬ 
ations  were  then  observed  on  the  scope*  Another  supply,  which  is  well 
regulated,  was  subsequently  used  for  these  tests* 

V*  C0M3TRUCTI0W  OF  THE  7029 
A*  Metal  Flange  Pesigni 

Some  7029*8  have  failed  due  to  strain  cracks  in  the  vicinity  of  the 
seal*  The  eeals  are  made  rapidly  and-  ttre  not  fUUy  annealed  because 
ooaplete  annesllng  results  in  over-heating  the  tube  mount,  thus  damiging 


WADD  TR60.i56U 


103 


the  eleotrieal  eheraoterletlos*  To  eliminate  this  problem  a  new 
envelope  was  designed*  In  this  envelope »  both  the  stem  and  bulb 
are  sealed  to  metal  flanges*  The  final  seal  is  then  made  by  a 
heliarc  weld  between  stem  and  bulb  flanges.  Hence  all  annealing 
can  be  done  prior  to  mounting  and  overtieatlng  of  the  tube  parts  Is 
eliminated* 

Some  difficulty  was  encountered  In  making  the  tubes  with  metal 
flanges.  First,  one  of  the  dies  that  was  made  to  form  the  flanges 
was  defective  which,  of  coarse,  caused  the  flanges  to  be  defective. 
This  defect  in  the  die  was  corrected  and  the  flanges  that  were  then 
made  were  satisfactory.  Then,  when  tubes  were  made,  strains  were 
caused  In  the  glass  stems  during  the  welding  process.  The  stems 
cracked  from  this  strain  either  duxdng  welding  or  later  when  the 
tube  was  being  exhausted*  To  overcome  this  problem,  a  welding  jig 
was  made*  The  jig  holds  the  tube  firmly  during  welding  and  also 
removes  heat  by  conduction*  Four  envelopes  were  then  made  to  test 
the  jig  and  to  determine  the  speed  and  teiq>erature  at  which  the  weld 
should  be  made*  All  of  these  envelopes  were  later  exhausted  and 
heated  to  U00°  C*  No  cracking  occurred  which  indicated  that  tubes 
could  be  made  free  of  eocoess  strain*  As  an  additional  test,  two 
oomplete  tubes  were  then  made  with  flanges.  Both  of  these  were 
operable* 

B*  Alignment  of  Tube  Components  t 

An  Investigation  was  made  to  determine  the  optimum  distance 
between  the  cathode  and  first  dynode  for  best  collection  efficiency. 
Isprovlng  the  collection  efficiency  improves  the , signal  to  nolse-in- 
•ignal  ratio  of  the  tabs*  This  progrmn  was  actmilly  started  before 
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the  oontreet  wes  amrded.  lEb  wee  found  that  if  the  distance  was 
increased  by  one-eighth  inch,  the  oolleetLon  efficiency  was  improved. 
However,  poor  alignment  of  the  tube  components  made  it  impossible  to 
determine  the  exact  spacing  required.  A  hunting  Jig  was  then  designed 

to  improve  the  alignment  of  the  tube.  The  Jig  holds  the  multiplier 

« 

structure  and  stem  assemblies  in  the  proper  position  idiile  the  stem 
leads  are  welded  to  the  multiplier  structure.  It  was  then  planned  to 
make  about  twenty  tubes  with  variations  in  the  cathode  to  shield 
spaclngs  and  variation  in  the  multiplier  structure  behind  the  shield. 
However,  after  three  of  these  were  made,  it  was  realized  that  the  seal¬ 
ing  process  would  also  have  to  improve  because  poor  alignment  here 
negated  the  improved  alignment  of  the  multiplier  structure  and  stem. 

But  at  this  time  work  was  being  done  on  the  tubes  within  metal  flanges 
and  the  problem  of  poor  alignment  during  the  final  seal  (heliarc  weld) 
did  not  exist.  Thus,  the  fabrication  of  the  tubes  with  variations  in 
the  location  of  liie  components  was  postponed.  The  mounting  Jig  was 
then  revised  so  that  it  could  be  used  to  make  tubes  with  metal  flanges. 
These  tubes  can  now  be  made  with  very  good  alignment  of  the  parts  and 
a  very  uniform  product  can  be  obtained.  Unfortunately,  by  the  time  that 
the  metal  flange  design  was  perfected,  time  did  not  permit  making  any 
tubes  wll^  the  variations  mentioned  above. 

VI.  PROCBSSINQ  PR0Bl£M8 

A.  False  Transparency  Readings  during  Antimony  Bvaporation: 

At  the  start  of  this  progrm  diffioulty  was  eoqperlenced  with  the 
ndiaust  procedure  of  the  7029*  To  bbtaln  good  stability,  this  tube  is 
processed  differently  than  most  photomultiplier  tubes.  Briefly,  the 
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procedure  is  to  sensitize  the  dynode  surfaces  before  the  cathode  is 
formed.  The  dynodes  are  antimony  coated  before  they  are  mounted  in 
the  tube.  After  the  tubes  have  been  baked  on  exhaust  to  out-gas  the 
parts,  manganese  is  evapoi'ated' onto  the  cathode  area  and  oxidized. 

Cesium  is  then  admitted  to  the  tube  and  the  tube  is  baked  at  a  tern- 

I 

perature  of  150°  C,  for  30  minutes.  Then  after  baking  out  the  excess 
cesium,  antimony  is  evaporated  from  a  small  bead  onto  the  cathode 
surface.  The  thickness  of  the  antimony  coating  is  measured  by  light 
transmission.  Difficulty  was  encountered  with  this  evaporation. 

Frequently  the  value  of  light  transmission  rose'  after  or  even 
during  operation  of  the  antimony  evaporator.  This  difficulty  could 
have  arisen  from  two  causes;  (1)  Cesium  could  have  been  deposited 
near  the  antimony  evaporator  bead  and  have  been  re-evaporated  vzhen 
the  bead  was  heated,  thus  fogging  the  tube  window,  or  (2)  the  Sb  may 
have  partially  reacted  with  the  cesium  during  the  dynode  activation 
bake  to  form  Cs^Sb  on  the  surface  of  the  beadj  this  compound  ^-Tculd 
decompose  on  heating  the  bead,  and  the  cesium,  possibly  by  a  secondary 
re-evaporation  from  hot  surfaces  surrounding  the  bead,  condensed  on  the 
window  surface.  This  problem  has  been  eliminated  by  heating  the  antimony 
bead  during  cesiation  of  the  dynodes  and  by  increasing  the  length  of  the 
initial  bake. 

B,  Platinum  -  Antimony  Alloy  Syaporator  Experiment; 

As  previously  mentioned,  some  of  the  7029 's  that  were  made  with 
AgMg  dynodes  also  had  platinum-antimony  alloy  evaporator  beads  instead 
of  the  pure  antimony  bead  for  formation  of  the  cathode.  This  type 
alloy  evaporator  bead  makes  it  possible  to  outgas  the  tubes  at  higher 
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temperatures  and  also  eliminates  particles  that  are  known  to  be 
generated  by  the  pure  antimony  bead.  However,  all  the  tubes  that 
were  made  had  low  cathode  sensitivity.  Eight  tubes  were  then  made 
with  this  type  evaporator  bead  to  determine  how  to  process  them  to 
obtain  better  cathodes.  These  tubes  did  not  have  the  multiplier 
structure. 

The  tubes  were  out-gassed  at  U00°  C.  for  1^  hours.  They  were 
then  cooled  and  manganese  was  evaporated  so  that  the  li^t  trans¬ 
mission  decreased  10$.  Oxygen  was  then  admitted  to  a  pressure  of 
2  non  Hg  and  the  tubes  were  glowed  with  R.F.  The  tubes  were  then 
pumped  down  and  antimony  was  evaporated.  Next,  the  cesium  generator 
was  flashed  and  the  tubes  were  baked  at  litO®  C.  for  maximum  sensitivity. 
The  thickness  of  the  antimony  layer  was  varied  in  these  tubes.  The  de¬ 
crease  in  light  transmission  during  the  evaporation  and  the  cathode 
sensitivities  are  given  below. 


Tube  # 

$  Decrease 

Sensitivity 

Lifht  Trans. 

ua/lumen 

12-9-18 

‘20 

115 

12-9-25 

20 

100 

12-9-8 

25 

120 

12-9-23 

25 

lUO 

12-9-2U 

30 

160 

12-9-5 

30 

150 

10-59-183 

35 

lUo 

10-59-189 

35 

160 

Honwlly,  in  the  7029,  antimony  is  evaporated  so  that  the  light  trans¬ 
mission  decreases  20$.  This  is  also  the  thickness  that  was  used  in  those 
tubes  with  AgHg  dynodes.  Yet,  non^  of  those  tubes  had  a  cathode  sensi- 
tivl^  as  high  ss  100  ua/lumen.  However,  since  good  cathodes- have  been 

made  frequently  using  plaUnon-antimony  alloy  beads  in  similar  multiplier 
atmeturee,  it  should  not  be  concluded  that  there  is  any  basic  difficulty 
in  using  this  type  of  evaporator.  Tine  did  not  permit  pursuing  this  point 
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VII.  PBVELOPMENT  OF  THE  C-70038 

It  vas  required  the  contract  that  ten  7029*8  with  Improved  stability 
characteristics  be  made  and  delivered  to  WAUD.  Because  cf  the  good 
results  obtained  previously  with  tubes  that  had  AgMg  dynodes,  these 
were  made  with  the  same  type  of  dsmodes.  Platinum-antimony  evaporator 
beads  were  used  because  of  the  high  cathode  sensitivities  that  were 
previously  obtained  with  them.  Also,  to  obtain  good  alignment  of  the 
tube  parts  and  to  eliminate  bulb  cracking  from  glass  strain,  the  tubes 
were  made  with  metal  flanges.  This  tube  type  was  designated  the  C-70038. 
Considerable  difficulty  was  encountered  in  making  these  tubes  because  of 
low  frequency  noise.  As  previously  mentioned  it  was  thought  that  the  low 
frequency  noise  could  be  reduced  by  reducing  the  cesium  content  in  the 
tubes.  However,  when  this  was  dene  the  tubes  were  very  unstable.  Later, 
difficulty  was  also  encountered  in  making  ubes  with  satisfactory  cathode 
sensitivities.  No  reason  could  be  found  for  this  drop  in  sensitivity. 

One  cesium  generator  was  used  for  the  first  two  tubes  that  were  made 
It  contained  a  1$  mg  charge  having  two  parts  silicon  to  one  part  cesium 
chromate  by  weight.  One  of  these  tubes  had  a  cathode  sensitivity  of 
80  ua/lumen  and  its  anode  current  at  1200  volts  with  10*^  lumens  was 
only  2.7  ua.  The  other  had  a  cathode  sensitivity  of  110  ua/lumen  and 
an  anode  current  of  3*0  ua.  Apparently  the  tnount  of  cesium  that  was 
used  was  insufficient.  Five  tubes  were  then  made  with  twice  as  much 
cesium.  Four  of  these  had  two  generators}  each  had  a  15  mg  charge  in 
the  same  ratio  as  before.  Thm  fifth  had  only  one  generator  but  it  con¬ 
tained  a  21  mg  charge  with  equal  parts  of  cesium  chromate  and  silicon. 
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The  tubes  were  punqped  down  and  out-gassed  at  2^  C*  for  one-half  hour 
and  then  at  UlO^  C.  for  two  hours.  Ihe  temperature  was  then  decreased 
to  360°  C.  and  oxygen  was  admitted  to  a  pressure  of  2  mm  Hg  for 
minutes.  The  tubes  were  then  pumped  down  and  cooled.  The  cathode 
surface  was  then  prepared  as  previously, discussed  and  the  cesium 
generators  were  "flashed".  The  tubes  were  then  baked  at  1U0°  C. 
until  maximum  cathode  sensitivity  was  achieved.  This  required  a 
period  of  one-half  to  one  hour.  (The  tubes  were  not  all  processed 
at  the  same  time.)  This  was  followed  by  a  differential  bake  at  250°  C. 
for  one-half  hour  on  exhaust.  The  tubes  were  also  aged  on  exhaust  for 
four  hours  at  1000  volts.  The  initial  currents  were  between  20  and 
UO  ua.  The  test  results  obtained  from  tt^se  tubes  are  given  below. 

The  cathode  sensitivities,  the  anode  currents  at  1200  volts  with  10“^ 
lumens,  and  the  low  frequency  noise  currents  and  the  voltages  at  which 
these  were  measured  are  given. 


Cathode  Anode  Low  Frequency  Noise 

Tube  #  Sensitivity  Current  Current  Voltage 


1 

160  ua/lumen 

10  ua 

250  uua 

1300  volt 

2 

160 

12 

200 

1300 

3 

135 

UO 

325 

1200 

h 

190 

16 

200 

1200 

5 

1U5 

16 

100 

1200 

However,  these  tubes  were  very  unstable.  The  reason  that  this  number  of 
tubes  was  made  before  changing  the  process  is  that  the  first  tubes  were 
not  tested  immediately  for  stability  to  be  sure  that  they  had  completely 
recovered  from  the  aging  on  esdiaust*  It  was  not  expected  that  these 
tttbes  would  be  unstable,  so  more  were  made  before  the  first  ones  were 
tested.  The  first  two  fatigued  negatively  about  $0%  during  four  hours 
at  1300  volte.  Am  ne:ict  two  fatigued  negatively  about  30%  at  1200  volts 
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in  only  two  and  ona>half  hours,  ^'hs  fifth  one  fatigued  negatively  about 
199(  in  only  tuo  and  one-half  hours.  This  one  was  also  tested  at  1200 
volts.  Next,  a  tube  was  nade  that  had  one  generator  with  a  21  mg  charge 
having  equal  parts  of  cesium  chromate  and  silicon  and  one  generator  with 
a  1$  mg  charge  with  a  2tl  ratio  of  silicon  and  cesium  chromate.  This 
tube  was  processed  the  same  as  the  previous  five.  However,  It  had  to  be 
baked  nearly  four  hours  to  obtain  a  maximum  cathode  sensitivity  reading 
and  to  reduce  the  leakage.  This  tube  had  a  cathode  sensitivity  of 
l6b  ua/lumen.  The  anode  current  at  1200  volts  with  10"^  lumens  was 
70  ua.  However,  the  low  frequency  noise  at  1200  volts  was  1000  uua. 
During  two  and  one-half  hours  of  operation  at  1200  volts,  the  tube 
fatigued  positively  about  33^.  The  tube  was  then  differential  baked  - 
again,  but  it  cracked  during  this  process.  Apparently,  the  temperature 
of  the  tube  was  changed  too  rapidly.  Because  the  last  tube  had  high 
noise  and  the  baking  time  required  was  very  long,  the  next  tubes  were 
made  with  less  cesium.  Three  tubes  had  one  generator  with  a  21  mg 
charge  having  equal  parts  of  silicon  and  cesium  chromate.  Two  of 
these,  #7  and  #6,  were  baked  2^  hours  during  activation  and  the  other 
(#9)  was  baked  nearly  five  hours.  It  was  not  understood  why  these 
required  such  a  long  baking  time  when  the  tubes  that  were  previously 
made  '^aked-out*  faster.  These  three  were  again  processed  the  same 
as  the  previous  ones,  except  that  #7  was  not  aged  on  exhaust.  The 
test  results  of  these  were  as  follows t 

Cathode  Anode  Current  Low  Freq.  Noise 

Tube  #  Sensitivity  1200  volts  -  10**”  lumen  1200  volts 

7  l60  ua/lunen  2.6  'la  300  uua 

8  105  3.0  125 

9  UO  8.0  000 
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The  mode  currents  of  #7  and  #8  were  low  and  the  cathode  sensitivity 
of  #9  was  very  low*  Tubes  were  then  made  that  again  had  more  cerium* 

A  small  amount  of  aquadag  was  painted  on  the  interior  of  the  metal 
flange*  This  was  used  as  a  getter  to  remove  access  cesium*  It  was 
thought  that  this  would  absoxt)  the  excess  cesium  after  the  tube  was 
processed  and  cooled,  but  apparently  it  became  saturated  at  high' 
temperatTires.  These  tubes  also  had  low  sensitivity*  At  this  point 
all  the  tubes  that  were  made  had  low  cathode  sensitivities.  Because 
it  was  believed  that  this  might  have  been  caused  by  contamination  of 
the  platimun^antlmony  evaporator  beads,  the  regular  pure  antimony  beads 
were  then  used.  Althou^  this  inqproved  the  tu.ies  somewhat,  many  of  them 
still  did  not  have  cathode  sensitivities  that  were  high  enough  to  meet 
specifications.  These  tubes  that  were  made  with  the  pure  antimony  bead 
were  baked  out  at  only  360®  C,  so  that  no  antimony  would  evaporate  during 
the  bakeout*  More  tubes  were  made  with  different  anounts  of  cesium  and 
they  were  differential  baked  at  different  temperatures,  both  on  exhaust 
and  after  processing.  The  best  results  .were  obtained  from  tubes  which 
had  one  generator  with  a  21  mg  diarge  of  ecjual  parts  of  silicon  and 
cesium  chromate  and  which  were  processed  as  follows*  The  tubes  were 
outgassed  at  360°  C*|  the  activation  bake  was  one  hour  at  1U0°  C* 

The  tubes  were  then  differential  baked  after  they  were  removed  fr6m 
the  exhaust  unit  at  220®  C*  for  one-half  hour* 
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::  AND  RECOMMENDATIONS 

Tiie  results  of  the  experiments  and  the  tests  that  were  performed  provided 
information  for  the  development  of  an  improved  version  of  the  RCA-7029 
photomultiplier  tube.  This  new  tube  type,  designated  as  the  nCA-C7003B,  has 
AgMg  rtynod.es  which  are  more  stable  than  the  Cs^Sb  dynodes  used  in  the  7029. 

It  has  an  improved  envelope  design'which  eliminates  the  severe  glass  strain 
that  frequently  causes  the  bulbs  of  the  7029  to  break  (sometimes  months  after 
fabrication)  and  which  provides  a  more  uniform  product  in  regard  to  some  of 
the  electrical  characteristics  by  better  alignment  of  the  tube  components. 

It  is  a  better  tube  with  respect  to  the  noise  current  in  the  frequency  band 
0.6  to  10  cps.  This  low  frequency  noise  was  minimized  by  improved  control 
of  the  cesium  content  of  the  tube, 

h'nile  7029*3  with  standard  Cs3Sb  secondary  emitter  s'urfaces  can  be  made 
stable  temporarily  by  special  processing,  the  stabilizing  process  apparently 
leaves  the  tubes  in  a  non-equilibrium  state  and  in  a  period  of  a  few  months 
when  they  reach  equilibrium,  most  of  the  improvement  in  the  stability 
characteristics  is  lost.  Some  tubes  were  "stored"  at  a  temperature  of  70 
to  78°C  for  fifty  hours  after  they  were  "stabilized".  This  treatment  decreased 
the  time  required  for  the  tubes  to  reach  equilibrium,  as  one  would  expect. 
Unfortunately,  it  was  not  fully  realized  until  late  in  the  program  that  the 
improvement  in  stability  was  only  temporary.  Also,  it  was  initially 
assumed  that  the  recovery  time  from  fatigue  caused  by  a  five  hour  test  was 
less  than  two  days.  This  is  true  for  a  tube  that  has  not  been  processed 
to  improve  stability  but  for  one  that  has,  the  recovery  time  is  at  least 
two  weeks.  For  these  reasons,  much  of  the  data  reflects  the  properties  of 
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tubes  which  have  only  partially  recovered  from  the  effects  of  previous 

operation  or  processing.  Neverthsless,  it  was  established  that  stability 

characteristics  of  the  7029  are  reproducible  and  that  they  are  not 

o 

significantly  different  at  120  F  than  at  normal  room  tanperature.  Also, 
it  was  proved  that  migration  of  cesium  can  only  be  partly  responsible  for 
fatigue. 

The  (Cs)  MgO  secondary  emitting  surface  formed  from  silver  magnesium  alloy 
used  in  the  070038  is  t^e  most  stable  of  the  secondary  emitting  surfaces 
investigated.  Unlike  the  7029  with  standard  Cs^Sb  dynodes,  the  improvement 
in  stability  of  the  070038  resulting  from  suitable  differential  baking 
is  permanent,  tftiile  the  percentages  of  fatigue  of  two  tests  made  under  identical 
conditions  but  separated  by  a  month  or  two  may  differ  slightly,  the  change  is 
not  practically  significant. 

Multipliers  having  improved  stability  were  also  made  with  copper-bezy Ilium  alloy 
dynodes.  Although,  in  general,  the  multipliers  that  were  made  with  these 
dynodes  ((Cs)  BeO  secondaiy  emitting  surfaces)  were  not  as  stable  as  those 
with  A^,  tests  of  the  single-stage  multiplier  tubes  that  were  made  with 
one  AgMg  and  one  OuBe  dynode  indicated  that  the  stability  characteristics  of 
these  two  materials  are  basically  the  same.  Probably  too  much  cesium  was 
used  in  the  7029*8  with  CuBe  dynodes.  Hence,  while  CuBe  alloy  may  well  be 
as  satisfactozy  for  stability  as  AgHg,  uzztil  this  point  has  been  fully 
established  by  further  testing,  Af^g  must  be  used  in  tubes  requiring  the 
best  stability  characteristic. 
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KjSb  was  investigated  as  a  possible  substitute  for  Cs^Sb  in  the  7029. 

Although  it  was  not  expected  that  the  secondary  emission  yield  of  this 
surface  would  be  as  high  as  that  of  Cs^Sb,  it  was  thou^t  that  it 
night  be  considerably  more  stable  because  it  has  a  lower  vapor  pressure. 

The  test  results  indicated  that  K^Sb  is. more  stable,  but  the  yield  is  too 
low  to  be  of  any  practical  uise  in  the  7029. 

Although  no  new  method  was  found  to  improve  the  stability  of  the  standard 
Cs^Sb  secondary  anitting  surface  by  different  and  improved  processing 
procedures,  it  was  discovered  that  the  stability  of  this  surface  can  be 
improved  by  forming  it  on  substrates  other  than  nickel  oxide.  VJhen  very 
thin  la3rers  of  Cs^Sb  forned  on  KgO  and  3s0  substrates  were  compared  with 
the  standard  Gs^Sb  dynodes  in  the  single-stage  tube,  the  former  were 
considerably  more  stable.  Two  7029 's  were  also  made  that  had  Cs^Sb  surfaces 
formed  on  MgO.  The  stability  data  that  were  obtained  from  these  indicated 
that  this  composite  surface  was  potentially  veiy  promising.  Time  ILmitations, 
however,  prevented  pursuing  this  development  to  the  point  where  it  could 
be  considered  for  use  in  production  tubes.  03300  surfaces  of  standard 
thickness  were  also  formed  on  MnO  and  gold  substrates  in  the  single-stage 
tube.  The  ones  on  HnO  were  more  stable  than  the  standard  dynode,  but  the 
ones  on  gold  were  not.  It  is  plausible  that  a  tube  with  such  composite 
secondary  emitting  surfaces  can  be  made  that  will  provide  both  stability  and 
idgh  gain.  It  is  recommended  that  these  surfaces  be  further  investigated, 

Ix.  was  established  that  the  lew'  frequency  noise  (.06  to  10  ops)  is  associated 
with  the  cesium  content  of  the  tube.  It  was  previously  assumed  that  this 
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noise  was  associated  with  the  total  ?as  pressure  of  the  tube  but  no  such 
relation  was  discovered.  Tests  were  also  made  to  investigate  the 
possibilities  that  the  noise  was  associated  with  thermionic  emission, 
but  again  no  positive  results  were  obtained.  It  Is  nrobable  that  noise 
at  higher  frequencies  is  also  associated  with  cesium.  Because  reduction 
of  noise  would  greatly  enh^nie  the  usefulness  of  most  multipliers  it  is 
recommended  that  this  phenom.enon  be  further  investigated. 

iarly  in  the  program  an  attempt  was  mads  to  optimize  the  cathode-dynode 
shield  spacing.  However  poor  mount  alignmer.'^  prevented  establishing- 
the  optimum  spacing.  The  improved  mount  alignment  resulting  from  the 
configuration  vised  in  the  C7003d  will  permit  the  optimum  spacing  to  be 
more  precisely  deterained.  Insufficient  time  was  available  subsequent 
to  the  development  of  the  070033  mount  structure  to  permit  completion  of 
this  work.  This  dimension  siiouLd  be  optimized. 
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Fig.  3  -  StaMlity  Characteristics  Showing  that  Fatig^^e  is  Reproducible  in  the  Single-stage  Tube  (C-7290) 


1  OYNOOE 

2  OYNOOE 

3  ANOOE 

4  CATHOOE 

L  LAMP  6E  No.  48  (SEE  FIGURE  6) 

NOTE :  VOLTAGE  OF  E,  IS  TWICE  THAT  OF  E, 


Fig.  4  -  Stability  Test  Set  for  Single-Stage  Multiplier  Phototube 
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90  VOLTS 
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POTENTIOMETRIC  VOLTMETER 


Fig.  6  -  Circuit  for  Moasuring  Lamp  Stability 
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Fig.  7  -  Circuit  for  Moasuring  Lamp  Stability 
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L  Na  AB  6E  LAMP  2  VOLTS  -  .060  AMR 
E  CONVENTIONAL  STORAGE  BATTERY  WITH  CELLS 
CONNECTED  IN  PARALLEL. 

R|  15,000  OHMS 
Rt  1,000  OHMS 
R,  125  OHMS 
R4  27  OHMS 


Fig.  8  -  Li^t  Source  for  Stability  Test  Sets 
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Fig,  61  -  subllity  Char«!terl8tle«  of  a  7029  at  Different  Cxirrenta  and  Voltagea 
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Fig.  53  -  Stability  of  Anode  and  Dynode  Currents  of  7029  Photomultipliers 
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DISTRIBUTION  LIST  FGR  VADD  TECHNICAL  RIFOIIT  6O-564 


Ova  ACTIVITIES  AT  WFAFB 


1  V/WAD  (Library ) 

1  WAT 

1  WWRNG  (Teotinical  Director) 

1  WWRNR  (Technical  Director) 

1  WiVRNC  (Technical  Director) 

1  RRLM  (Dr.  Karl  Gottfried  Guderley) 

1  ’.WEP 

1  AFCIN-4Bla  (Library) 

1  WAD  (Rand) 

10  ’WRNET-2  (Mr.  Rambo) 

OTHER  DEPT.  OF  DEFENSE  ACTIVITIS3 
AIR  FORGE 

2  ARDC  (RERCT) 

Andrews  AFB 
Wash  25,  DC 

2  ARDC  (RERRP) 

Andrews  AFB 
Wash  25 «  DC 

1  ARDC  (RDRSE,  Mr.  Presnell) 

Andrews  AFB 
Wash  25,  DC 

1  AFGRC  (Documents  Unit,  CROTLR) 

L.G.  Hanscom  Fid 
Bedford,  Mass 


Air  Force 

1  AFSWC  (SWOI) 

Kirtland  AFB,  NMex 

1  AU  Library  (7575) 
Maxwell  AFB,  Ala 

1  ARDC  Regional  Office 
346  Broadway 
New  York  13.  NY 

1  AFREP 

ASESA  (I'']r.  C.  J.  Held) 
Ft  Monmouth,  NJ 

1  ARDC  Liaison  Office 

Boeing  Airplane  Company 
Seattle  24,  Wash 


Army 

2  Commanding  Officer 

U.  S.  Arrqy  Signal  Research 
and  Development  Laboratory 
Attn;  SIGFM/EL-ADTE 
Fort  Monmouth,  New  Jersey 

1  Commanding  Officer 

U.  S.  Army  “^ignal  Research 
and  Development  Laboratory 
Attn;  SIGFM/EL-PE 
Fort  i'tonmouth.  New  Jersey 

Commander 

Army  Rocket  &  Guided  Missile 
Agency 

Attn;  Technical  Library 
Redstone  Arsenal,  Alabeoa 


1  RADC  (Documents  Library,  RC3SL-1) 

Griffiss  AFB,  NY 

1  AFMTC  (AFWTC  Tech  Library  MU-I35) 

Patrick  AFB,  Fla 

1  AFOSR  (SRLT) 

Washington  25.  D.C 
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DISraiBUTION  LIST  FOR  'j/ADD  TSCHIJICAL  RSPORT  6O-564.  (COOT'D) 


Cv3  Army 

X  Commanding  Officer 

U,  3.  Army  Signal  Research 
and  Development  Laboratory 
Attn:  SIGFM/EL-ERG 
■  Fort  Monmouth,"  New  Jersey 

1  Commanding  General 

U.  S.  Army  Engineering  Research 
and  Development  Laboratory 
Attn;  V/arfare  Vision  Branch 
Fort  Belvoir,  Virginia 

1  Commanding  General 

Frankford  Arsenal 
Attn;  Dr.  M.  L.  Chwalow  -  II30 
Philadelphia  37.  •Pennsylvania 

N&w 

1  Bureau  of  Ships,  69IB 

Electronics  Division 
Room  3331-Main  Navy  Bldg. 

Attn:  I'^r.  Edwin  i'iroz 
Washington  25.  D.  C, 

1  Chief,  Bureau  of  Aeronautics 

Avionics  Division 
Material  Coordination  Unit 
Department  of  the  Navy 
Washington  25*  D.  C, 

1  Naval  Ordnance  Test  Station 

Attn:  Mr.  Hughe 
1207  Mi Che Ison  Laboratory 
China  Lake,  California 

OTHER  U.  S.  GOVERN]yTNT 
AGENCIES 

10  Conmander 

Armed  Services  Technical  Information 
Agency 
Attn:  TIEDR 
Arlington  Hall  Station 
Arlington  12,  V^irginia 


CVS  OTflliR  U.  3.  GOVE^ANViENT 

AGENCIES 

1  Director  of  Defr.nse  Research 
and  Engineering 
Technical  Library 
Room  3C-I28,  The  Pentagon 
’Washington  25,  D.  C, 

4  Advisory  Group  on  Electron 

Tubes 

346  Broadway,  8th  Floor 
*'‘ew  York  I3,  New  York 

1  Advisory  Group  on  Electronic 

Parts 

iVoore  Scaool  Building 
University  of  Pennsylvania 
200  South  33rd  Street 
Philadelphia  4*  Pennsylvania 

1  National  Bureau  of  Standards 

Electricity  and  Electronics  Division 
Engineering  Electronics  Section 
Attn;  i-k'.  Gustave  Shapiro 
'vVas.iington  25,  D.  C, 

1  Federal  Aviation  Agency 

B-u^eau  of  Research  and  Development 
Attn:  Records  Officer 
■j.’ashington  25,  D.  C, 

NON-GOVERIN-EIT  LNJIVIDUAL5 
AND  OKG.Un'IZA'IIONS 

1  Tne  Rand  Corporation 
Attn:  Librarian 
1700  Niain  Street 
Santa  iconics,  California 

3  Westinghouse  Electric  Corp. 

Attn :  MdT .  Jack  M.  Rioore 
32  N.  iViain  Street 
Dayton  2,  Ohio 

15  Radio  Corporation  of  America 
Attn:  I^ir.  Warren  Kimball 
24  N.  Wilkinson  Street 
Dayton  2,  Ohio 
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